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ABSTRACT

INFLUENCE OF IDEALIZED PUSHOVER CURVES
ON
SEISMIC RESPONSE

KADAS, Koray
M.S., Department of Civil Engineering
Supervisor : Assoc. Prof. Dr. Ahmet YAKUT

September 2006, 320 pages

Contemporary approach performance based engineering generally relies on the
approximate procedures that are based on the use of capacity curve derived from pushover
analysis. The most important parameter in the displacement-based approach is the
inelastic displacement demand computed under a given seismic effect and the most
common procedures employed for this estimation; the Capacity Spectrum Method and the
Displacement Coefficient Method are based on bi-linearization of the capacity curve.
Although there are some recommendations for this approximation, there is a vital need for
rational guidelines towards the selection of the most appropriate method among several
alternatives.

Considering the presence of several idealization alternatives and the absence of
rational guidelines to select the most suitable method, a comprehensive research has been
undertaken to evaluate the influence of several existing alternatives used for
approximating the capacity curve on seismic demands. A number of frames were analyzed
under a set of 100 ground motions employing OpenSees as the structural analysis
platform. In addition to the nonlinear time history analyses conducted on multi-degree-of-
freedom frame systems, nonlinear static analyses were also utilized to obtain the global

response of the frames. The pushover curves obtained were later approximated using
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several alternatives and the resulting curves were assigned as the force-deformation
relationships of corresponding equivalent single-degree-of-freedom systems. These
simplified systems were analyzed under the same ground motion database to evaluate the
errors in predicting the seismic responses in terms of displacement, story drift and force
demands.

Using the results of the complex and simplified analyses, the performance of each
approximation method was evaluated in estimating the ‘exact’ inelastic deformations of
the multi-degree-of-freedom systems at various degrees of inelasticity. Dependency of the
errors on ductility, strength reduction factor and period was also investigated for different
alternatives of idealization of the capacity curve. Moreover, the results of common bi-
linearization methods were also compared with the results obtained from the analyses of
multi-linearized capacity curve in order to seek the performance of these methods in
predicting global response. The interpretations made and the conclusions drawn in this
study is believed to clarify the rationality and accuracy of selecting the appropriate

idealization of the capacity curve.

Keywords: Pushover analysis, approximate procedures, bi-linearization, capacity curve
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BASITLESTIRILMIiS PUSHOVER EGRILERININ
SiSMiK DAVRANIS UZERINDEKI ETKISi

KADAS, Koray
Yiiksek Lisans, ingaat Miihendisligi Boliimii
Tez Yoneticisi : Dog¢. Dr. Ahmet YAKUT

Eyliil 2006, 320 sayfa

Glinlimiiz yaklasimi olan performansa dayali mithendislik genel olarak, binalarin
itme analizinden elde edilmis kapasite egrilerinin kullanimina dayal yaklasik yontemler
iizerine kurulmustur. Deplasmana dayali yaklasimdaki en 6nemli parametre belirli bir
sismik etki altinda hesaplanmis olan elastik olmayan deplasman talebidir ve bu
parametrenin tahmini igin sik¢a kullanilan ydntemlerden Kapasite Spektrum ve
Deplasman Katsayisi metotlart itme egrilerinin basitlestirilmis haline dayanir. Kapasite
egrilerinin basitlestirilmesi igin ¢esitli oneriler bulunmasina ragmen, bu 6nerilerden en
uygun olaninin secilmesine yonelik rasyonel yonergelere ihtiya¢ duyulmaktadir.

Birgok ideallestirme alternatifinin bulunmasi ve en uygun metodun segilebilmesi
icin gereken yoOnergelerin eksikligi goéz oOniinde bulundurularak, itme egrilerinin
ideallestirmesinde kullanilan mevcut alternatiflerin sismik davranig iizerindeki etkisini
incelemek {izere detayli bir aragtirma yapilmistir. Bu amagla, OpenSees analiz platformu
kullanilarak 7 cergeve 100 ayr1 deprem altinda analiz edilmistir. Cergevelerin g¢ok
serbestlik dereceli modelleri iizerinde yapilan elastik 6tesi dinamik analizlere ek olarak,
cercevelerin genel davranisini elde edebilmek amaciyla lineer olmayan statik analizler de
yapilmistir. Elde edilen pushover egrileri ¢esitli alternatifler kullanilarak ideallestirilmis
ve esdeger tek serbestlik dereceli sistemlerin kuvvet-deplasman iliskisi olarak atanmustir.

Basitlestirilmis bu modeller ayni deprem veritaban1 kullanilarak analiz edilmis ve

Vi



deplasman, kat dtelenmesi ve kuvvet bazli sismik davranig parametreleri yaklasik olarak
da hesaplanmustir.

Kapsamli ve basitlestirilmis analizlerden elde edilmis sonugclar, ideallestirme
alternatiflerinin ¢ok serbestlik dereceli sistemin cesitli elastik Otesi seviyelerindeki
performansinin degerlendirilmesinde kullanilmistir. Ayrica, alternatiflerin hata oranlarinin
siineklik seviyesi, kuvvet azaltim seviyesi ve periyoda bagli degisimleri de rasyonel olarak
irdelenmistir. Bununla birlikte, sik olarak kullanilan ideallestirme alternatiflerinin kapasite
egrisinin orijinal haline gore de degerlendirmesi yapilmis olup, bu metotlarin genel
davranigt ne kadar iyi yakalayabildikleri de incelenmistir. Bu caligmada; elde edilen
sonuglar ve yapilan yorumlar sayesinde en uygun basitlestirme yonteminin rasyonel olarak

secilmesine yonelik bilimsel bir katki saglandig1 diisiiniilmektedir.

Anahtar Sozciikler: Itme analizi, yaklasik yontemler, basitlestirme, kapasite egrisi
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CHAPTER 1

INTRODUCTION

1.1 BACKGROUND

Contemporary approach, named as performance based engineering, generally
utilizes approximate procedures rather than conducting nonlinear time history analyses
either to evaluate existing structures or to design new ones. The reason behind employing
approximate procedures is simply the presence of many drawbacks of nonlinear time
history analysis. Since the nonlinear time history analysis method is computationally
complex, structural engineering community does not prefer it for analyzing the structures
most of the time. In contrast to nonlinear time history analysis method, the simplicity
provided considering both modeling and computational scheme in nonlinear static analysis
and the easiness of its use and interpretability, although at the expense of accuracy, have
made this analysis method the an attractive alternative.

The nonlinear static analysis, or shortly the pushover analysis, reflects the global
behavior of a structure through a capacity curve representing the lateral force-deformation
characteristics of the structure and forms the basis of approximate procedures which use
the capacity curve to determine the seismic demands imposed on the structure. The most
important parameter among the engineering demand parameters in performance based
evaluation and design is the inelastic displacement demand under a given seismic event.
To determine the inelastic deformation demand, two widely used approximate procedures
that rely on pushover curve of the structure exist. These procedures, namely the Capacity
Spectrum Method of ATC-40 [3] and the Displacement Coefficient Method of FEMA 356
[10] generally use a bi-linear representation of the original pushover curve to compute the
approximate inelastic displacement demand. The original pushover curve is typically

obtained by applying a load pattern that represents the first mode response of the structure.



In these procedures, the multi-degree-of-freedom (MDOF) system is represented by an
equivalent single-degree-of-freedom (SDOF) system with the idealized load-deformation
curve. Then, the equivalent SDOF system is analyzed to obtain the approximate
displacement demand. Further steps of performance assessment of the structure’s
components depend on this approximate displacement demand. Thus, the idealization of
the capacity curve can be an important source of error that can affect the estimation of the
inelastic displacement demand. Although there are some recommendations for this
approximation, there is a crucial need for rational guidelines towards selection of the most

appropriate method among several limited alternatives.

1.2 LITERATURE SURVEY

The idealization concept of force-deformation relationships was first used for the
practical design computations of reinforced concrete elements in which the engineer was
proportioning the members according to the ductility calculations in terms of
displacement, rotation and curvature. Since ductility computation had to be based on
realistic definition of yield deformation, several alternative definitions were used by
previous investigators. As Park [16] expressed, alternative definitions of the yield
displacement are 1) the displacement when longitudinal steel reinforcement yields, 2) the
yield displacement of the equivalent elasto-plastic system with the same elastic stiffness
and ultimate load as the real system, 3) the yield displacement of the equivalent elasto-
plastic system with the same energy absorption as the real system, and 4) the yield
displacement of the equivalent elasto-plastic system with reduced stiffness found as the
secant stiffness at 75% of the ultimate lateral load H, of the real system, as illustrated in
Figure 1.1. The most realistic definition for the yield displacement for reinforced concrete
structures was proposed as the last definition by Park [16]. The proposition was based on
Priestley and Park [18] that aimed at improving the understanding of seismic performance
of bridge substructures. As indicated in Priestley and Park [18], Park [16], and Paulay and
Priestley [17], the last definition takes the secant stiffness as described in order to include
the reduction in stiffness due to cracking near the end of the elastic range. The
experiments conducted by Priestley and Park [18] supported the secant stiffness
assumption such that under cyclic loading at high “elastic” response levels, the initial
curved load-displacement characteristic would modify to a curve close to the linear
relationship of the idealized response as depicted in Figure 1.2.



LOAD

First yielding

/- Ultimate load

I
1
1

DISPLACEMENT 4y DISPLACEMENT
(a) Based on First Yield (b) Based on ngyalent Elasto-
plastic Yield
LOAD LOAD
Ultimate load Ultimate load
d
o Equal Areas
//
A, ] A,
DISPLACEMENT DISPLACEMENT

(c) Based on Equivalent Elasto-
plastic Energy Absorption

Figure 1.1 Alternative

(d) Based on Reduced Stiffness
Equivalent Elasto-plastic Yield

Definitions for Yield Displacement of

Reinforced Concrete Elements (Park [16])

Onset of cracking

Repeated loading

Y

DISPLACEMENT

Figure 1.2 Typical Load-Displacement Relationship of

a Reinforced Concrete Element
(Paulay and Priestley [17])



Using the idea that the reinforced concrete frame systems are composed of
reinforced concrete elements and the global structural behavior will be analogous to the
component behavior, the first examples of idealizing force-displacement relationships of
structures were based on the methods that are mentioned above. As it was recommended
in ATC-19 [2], there were two common methods to idealize the force-deformation of a

building for the purposes of design as illustrated in Figure 1.3.

Base Shear Force (V) Base Shear Force (V)

Actual response

O iy ekt W

4 Vy

A, An A, An

Displacement (A) Displacement (A)
(a) Paulay & Priestley (b) Equal Energy

Figure 1.3 Bi-linearization Methods of a Force-Displacement Relationship
(ATC-19[2])

The first approximation, which was based on the method proposed by Paulay and
Priestley [17] and had been developed for characterizing the load-displacement relation
for reinforced concrete elements, assumes a priori knowledge of the yield strength (V,) of
the frame. The elastic stiffness is based on the secant stiffness of the frame calculated
from the force-displacement curve at the force corresponding to 0.75V,.

The second method in the idealization of the load-deformation curve of a structure
is commonly named as the equal-energy method. This method assumes that the area
enclosed by the curve above the bi-linear approximation is equal to the area enclosed by
the curve below the bi-linear approximation. According to ATC-19 [2], either of these
methods could be used to estimate yield forces and yield displacements; these two
methods would generally produce similar results for most ductile framing systems.

Later, in 1996, with the introduction of Capacity Spectrum Method (ATC-40 [3])

as a guideline for seismic evaluation, an initial stiffness based idealization method was



recommended. In contrast with the previous methods, the idealization is held on the
capacity spectrum of a structure which is used in conjunction with the Acceleration-
Displacement-Response-Spectra (ADRS) to compute the performance point (target
displacement) of the structure. According to ATC method, a bi-linear representation of the
capacity spectrum is obtained by using the initial stiffness of the capacity curve and by
satisfying the equal energy rule as shown in Figure 1.4. This bi-linear representation is
later used for the estimation of the effective damping and appropriate reduction of spectral
demand to determine the performance point of the building under an earthquake. A key
point in this method is related with the trial performance point d,;. Until determination of
performance point, several trials are made with trial performance points. Thus, the bi-
linearization of the capacity spectrum should be repeated for every trial to match the areas

under each curve obtained.

Note:
1. K; = Initial Stiffness

2. Area; = Area,

A 1 KI
c /
2 !
8 a.pi ........... Y ZLTTTITTTTTTTT TP rrTy)
5 1
LAy [
° y
o
< : Area,
© i Area,
3} :
o H
n : -
dy dp|

Spectral Displacement

Figure 1.4 Bi-linear Representation of Capacity Spectrum
for Capacity Spectrum Method (ATC-40 [3])

Another common idealization method recommended by a rehabilitation guideline
is the one presented in FEMA 273 [8] and FEMA 356 [10]. In accordance with the
method that is used in Displacement Coefficient Method of FEMA, the nonlinear force-

displacement relationship between the base shear and top displacement is replaced with an



idealized relationship to calculate effective lateral stiffness, K., and effective yield
strength, V,, of the building as shown in Figure 1.5. Line segments on the idealized force-
displacement curve are located using an iterative graphical procedure that approximately
balances the area above and below the curve. The effective lateral stiffness, K, is taken as
the secant stiffness calculated at a base shear force equal to 60% of the effective yield
strength of the structure. The post-yield slope, a, is determined by a line segment that
passes through the actual curve at the target displacement calculated. The effective yield
strength is not taken as greater than the maximum base shear force at any point along the
actual curve. In the commentary of FEMA (FEMA 274 [9]), the reason behind selecting
60% value to determine secant stiffness was the fact that the secant stiffness defined at this
level would better represent the apparent fundamental period change with response
amplitude, as a structure responds inelastically to an earthquake due to cracking. However,
the rationality under this assumption was not described. It was also stated in the
commentary that it would be more conservative to use a lower yield displacement and a

lower secant stiffness.
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Figure 1.5 ldealized Force-Displacement Curve
for Displacement Coefficient Method (FEMA 356 [10])

As an improvement to the guidelines of ATC-40 [3] and FEMA 356 [10], FEMA
440 [4] was presented as the collection of large number of researchers who had devoted

their studies on the accuracy of the approximate procedures by comparing the results with



the nonlinear time history analyses and the document provided the latest improvements to
both of these procedures. However, the rationality behind the idealizations and their
consequential effects on seismic response were not presented again in this new guideline.
Apart from the common methods given in the guidelines mentioned, some
attempts were also presented in the determination of the global yield displacement of
either regular or irregular structural systems. Sullivan et al. [20], which is a specific
example to those attempts, bases the idea of yielding on the yield of individual
components that constitute the lateral resisting system. According to the proposition, the
initial stiffness should be taken considering the initial stiffness of each wall weighted with
proportion to the base shear it carries. Although this method could be applied to shear
resisting systems, its use in moment resisting frames would be impractical. Additionally,
the yield definition of an individual component is also a matter of discussion and makes it
more complex. Thus, it would be better to utilize the common methods in sake of practical

use for the engineers.

1.3 OBJECTIVE AND SCOPE

Considering the presence of several idealization alternatives and the absence of
rational guidelines to select the most suitable method, a comprehensive research has been
undertaken to evaluate the influence of several existing alternatives used for
approximating the capacity curve on seismic demands.

In the context of this study, seven reinforced concrete frames were analyzed under
nearly 100 ground motion records. Firstly, nonlinear time history analyses of the MDOF
systems were conducted to compute the ‘exact’ seismic demands, namely maximum roof
displacement, maximum inter-story drift ratio and maximum base shear. Secondly,
nonlinear static analyses (pushover analyses) were utilized to estimate the load-
deformation response of the structures. Using the elastic first mode lateral load pattern
dependent capacity curves, the force-displacement relationships were idealized according
to four methods in the further stages of the study. As the first method, which will be called
as ‘MULTI’ from here on, the pushover curve was idealized using as many linear
segments as needed to fully describe the whole curve. This idealization method was
thought to be the best alternative to represent the nonlinear static response. The original
curve was secondly idealized using the recommendations of ATC-40 [3] utilizing the
initial stiffness definition and will be named as ‘ATC’ in the proceeding stages. As the
third alternative, ‘FEMA’, the suggestions of FEMA 356 [10] were employed to bi-



linearize the capacity curve. Finally, the FEMA alternative was slightly modified to
comply with the recommendations of Paulay and Priestley [17] and this method will be
mentioned as ‘75%V,’. In all alternatives, the requirement of the equal energy concept
was satisfied.

Using the idealized capacity curves, MDOF systems were represented as
equivalent SDOF systems and simplified systems were analyzed under the same ground
motion database to compute the approximate displacement demands. In conjunction with
the results of the nonlinear static analyses, the approximate values of other seismic
demand parameters namely maximum inter-story drift ratio and maximum base shear were
found.

As the next step of the study, results of approximate procedures in terms of roof
displacement, inter-story drift ratio and base shear were compared with the ‘exact’ ones at
various levels of global drift to investigate the effects of idealizations. Correlation studies
were conducted to investigate the success of each method of idealization in estimating
seismic demand parameters. In addition, trends and dependencies on ductility (u), strength
reduction factor (R) and period were examined. Along with the comparisons with respect
to ‘exact’ values, the results of three common approximate procedures; ATC, FEMA and
75%Vy, were also compared with the results of MULTI method that was thought to fully
describe the nonlinear static response of a structure.

In this study, it was aimed to provide rationality to the selection and the use of
alternative methods of capacity curve idealization, by using the provided statistical results
and the interpretations made over the dependencies and trends.

The thesis is composed of five main chapters and two appendices. Following the
review of relevant idealization alternatives in this chapter, Chapter 2 presents the frames
analyzed and the ground-motion database employed throughout the study. Chapter 3
contains the details of the nonlinear time history, nonlinear static and simplified dynamic
analyses conducted. The modeling assumptions for the analysis methods are explained and
the obtained results are presented. Moreover, a brief discussion is presented on how the
results were compared at the end of the chapter. In Chapter 4, the interpretations of the
analyses results are evaluated to investigate how the results obtained from approximate
analyses correlate well with those obtained from ‘exact’ analyses. The dependencies and
trends on ductility, strength reduction factor and period are also examined in the context of
this chapter. Chapter 5 contains the summary, conclusions and further recommendations

regarding the study. Appendix A includes the detailed descriptions of the frames, the



results in terms of maximum roof displacement, maximum inter-story drift ratio and
maximum base shear obtained from nonlinear time history analyses of MDOF and
equivalent SDOF systems, the comparisons of the results and the graphical representations
of the comparisons. Additionally, the comparative investigations of the common
approximations to capture the nonlinear static response (MULTI method) are presented in

Appendix B.



CHAPTER 2

DESCRIPTION OF FRAMES AND GROUND MOTIONS

2.1 GENERAL

Seven reinforced concrete frames and a total of 100 ground motions were
employed in this study to evaluate the influence of idealization of pushover curves on the
seismic response of frame structures. The frame set was selected so that there is a uniform
distribution of fundamental period. In addition, the ground motion database was intended
to cover a wide range of earthquake hazard level that would impose response in elastic as
well as inelastic range for the structures analyzed.

The low- to mid-rise frame set used in this study contains two- to eight-story
frames having various numbers of bays. Identifying them according to the number of
stories and bays, the frames include two two-story-two-bay frames named as F2S2B and
F2S2B2, a three-story-two-bay frame called F3S2B, three five story frames having two,
four and seven bays and entitled as F5S2B, F5S4B and F5S7B, respectively, and finally
an eight-story-three-bay frame termed as F8S3B.

The ground motion record set previously used by Erberik and Cullu [7] was
adopted for this study to represent a wide range of seismic hazard level that would reflect
the global response of the selected frames by both elastic and inelastic responses. Since
the earthquake set was thought to be large enough for obtaining various levels of

inelasticity, individual records were employed as unscaled ones.

2.2 DESCRIPTION OF SELECTED FRAMES

Seven reinforced concrete frames which have a diverse fundamental period
distribution were selected and analyzed in this study. Among the current frame set
depicted in Figure 2.1, F2S2B, F5S4B and F8S3B were designed in California complying

10



with the Uniform Building Code-1982 [11] whereas F252B2, F3S2B, F5S2B and F5S7B
were selected from the existing structures located in the city of Bursa in Turkey. The
eigenvalue analyses of the frames were conducted using OpenSees [15] and the
fundamental period of vibration range was found to be between 0.3 and 1.2 seconds. The

geometric and sectional properties of the selected frames are presented in Appendix A.1

and the dynamic characteristics of the selected frames are given in Table 2.1.

Table 2.1 Dynamic Characteristics of Selected Frames

Modal
Total Fundamental Participation Modal Mass
FRAME Mass Period Factor Factor
(t) Ti(s) Ty (o)
F252B 275.3 0.59 1.339 0.814
F252B2 137.6 0.30 1.339 0.815
F352B 226.5 0.45 1.416 0.768
F552B 260.2 0.75 1.293 0.794
F554B 1007.1 0.95 1.362 0.776
F557B 769.1 0.66 1.285 0.804
F8S3B 1816.1 1.20 1.430 0.705

2.3 SELECTED GROUND MOTIONS

For the nonlinear time history analyses of the case study frames, 100 individual
ground motions were used in this study and the important features of these ground
motions are given in Table 2.2. The earthquake excitations recorded at various sites were
selected to represent a large spectrum of strong motion characteristics in terms of Peak
Ground Velocity (PGV), Peak Ground Acceleration (PGA) and local site conditions.
However, since the reference hazard parameter in Erberik and Cullu [7] was considered as
PGV, the database formation was handled accordingly. Consequently, the uniformity of
PGV distribution is much more significant than the homogeneity of PGA distribution as
shown in Figures 2.2 and 2.3. According to the given features, the distribution of PGV,
accepted to be correlating well with inelastic displacement demand, is ranging from 10 to

120 cm/s whereas PGA values fall mostly in the range of 0.1g-1.0g.
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Figure 2.3 PGV Distribution of the Ground Motion Set

As depicted in Figures 2.4-2.6, the moment magnitude of the dataset covers a
range of 6.1-7.6 and both near and far field ground motions constitute the strong motion
database. For the records whose moment magnitudes were not available in the list, a

conversion formula derived by Deniz [6], as given in Eqn 2.1, was adopted:
M, =054-M,+281 (2.1)

According to this formula, lower bound of moment magnitude M,, can be
computed from the surface wave magnitude Ms. The calculations were made and included

in the statistical representation of records, accordingly.
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Although near field records with distance less than 20 km seem to dominate the
set, extreme ground motion records due to very severe near field and soil site effects were
not included. Considering the main attributes described along with the mean and 84-th
percentile 5% damped elastic pseudo-velocity and pseudo-acceleration response spectra
plotted in Figures 2.7 and 2.8, respectively, this wide bin of ground motions is expected to

push the structures into various degrees of inelasticity.
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CHAPTER 3

ANALYSES OF FRAMES

3.1 GENERAL

The influence of idealized capacity curves of frames on their seismic response was
investigated utilizing the well-known open-source software framework OpenSees [15] that
was mainly developed by the University of California at Berkeley. The reason for
choosing OpenSees as the analysis tool in this study is its increasing use by the
researchers for simulation applications in earthquake engineering. Moreover, its ability to
represent the pushover curves as multi-linear segments made it possible that all analyses
can be carried out in OpenSees.

As will be described alternately in the foregoing sections, three types of analyses
were conducted. Firstly, the two dimensional models of the selected frames were prepared
and nonlinear time history analyses were carried out by using the selected ground motions.
The seismic responses such as roof displacements, story drifts and shear forces obtained
from these analyses for each frame were considered as ‘exact’ for the further stages of the
study. After computing ‘exact’ results, nonlinear static analyses were conducted to acquire
the global response capacity for each frame through invariant lateral load patterns. From
the capacity curve of each frame, equivalent SDOF systems were formed and analyzed
under the same strong motion dataset. Responses obtained from the approximate analyses
using equivalent SDOF systems were then compared with the corresponding ‘exact’

values to investigate the effects of capacity curve idealization.

3.2 ANALYSES WITH OPENSEES

OpenSees [15] is an open-source software framework developed for general

purpose finite element analysis and its community code has been continuously improved

19



by the researchers worldwide. Its various modeling and analysis options in a sturdy
environment that could be easily modified for several needs have made OpenSees the
promising program for both structural analysis and simulation tasks in recent years. With
taking the advantage of the ability to define structural components in either element,
section or fiber level using the more versatile command-driven scripting language and
various analysis options such as static pushover and dynamic time series analyses,
OpenSees has been selected as the only tool for this study.

One fundamental feature of this free analysis program that was used in the
analyses is the nonlinear modeling of frame components through fiber-based nonlinear
beam-column elements [21]. Unlike SAP2000 [5] which is a well-known software in
engineering practice, OpenSees has the capability of modeling distributed plasticity and
the ability to represent the nonlinear static and dynamic behavior of structural elements
with a single element type.

The fiber beam-column element developed by Taucer et al. [21] forms the basis of
OpenSees’ nonlinear beam-column element. This flexibility-based fiber element type was
once proposed to be a reliable and computationally efficient beam-column finite element
model for the analysis of reinforced concrete members under cyclic loading conditions
that induce biaxial bending and axial force and has been intensively used for 15 years.

As stated in the research report published in 1991 [21], the element is discretized
into longitudinal steel and concrete fibers such that the section force-deformation relation
is derived by integration of the uniaxial stress-strain relation of the fibers. The nonlinear
behavior of the element derives entirely from the nonlinear stress-strain relation of the
steel and concrete fibers, thus this property eliminates the necessity for the input of force-
deformation of the element.

The beam-column element is based on the assumption that deformations are small
and that plane sections remain plane during the loading history. In addition to this, the
deformations due to shear and torsion are neglected in the formulation of this element. It
was also expressed in the report that for the accuracy of the results which represent the
hysteretic behavior of the elements, the number of sub-divisions called fibers and the
control sections that are needed to form the flexibility matrices of the elements from the
fibers should be wisely defined. Following the recommendations and using the
interpretations of basic sensitivity analyses, the number of integration points for beams
and columns were selected as four and six, respectively. Furthermore, the number of sub-

divisions of a single section which is not very influential along the width of the section in
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a two dimensional problem was defined in a manner that both optimum accuracy and
minimum calculation time considerations were satisfied. A representation of a fiber
element, shown in Figure 3.1, also designates the necessity of defining reliable

constitutive models which are abundantly available in OpenSees.

REINFORCING STEEL
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Figure 3.1 Graphical Representation of a Fiber Element [21]

As depicted in Figure 3.1, the unconfined and confined concrete models, and
reinforcing steel constitutive models were defined separately. The concrete models, which
were selected as Concrete01 uniaxial material type, are based on Kent-Scott-Park model
(Kent and Park [13], Scott et al. [19]) with degraded linear unloading/reloading according
to the work of Karsan and Jirsa [12] and neglect the tensile strength. The model requires
28-day compressive and crushing strengths, concrete strains at maximum and crushing
strengths as input parameters (Figure 3.2). The parameters were calculated according to
the model expressed and given in Appendix A.1 along with the frames they are related to.

The reinforcements of the reinforced concrete components were modeled as single
steel fibers across the section and the constitutive model was selected as Steel01 which is
a relatively simple model requiring few parameters. The general characteristic of this
model can be expressed as a bilinear steel material model with a kinematic hardening and

apart from the yield strength which differs for each frame, the initial elastic tangent and
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strain hardening ratio for all over the study were defined as 200000 MPa and 0.005,

respectively.
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Figure 3.2 Concrete01 and Steel01 Material Models [15]

3.3 NONLINEAR TIME HISTORY ANALYSES

In order to evaluate the effects of idealization on seismic response, certain seismic
response values based on approximate analyses must be compared with the ones obtained
from the complex analyses which are detailed enough to include the cyclic behavior of the
structures analyzed and the characteristics of strong ground motions employed. Therefore,

the case study frames were analyzed using the selected earthquakes by utilizing OpenSees
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to represent the complex structural behavior under seismic excitations. The details

regarding the modeling and other assumptions are presented in the next section.

3.3.1 Modeling and Assumptions

Using the command language of OpenSees, two dimensional structural models
rigidly connected at the ground floor were prepared utilizing the general properties of the
frames given in Appendix A.l. All frame elements based on centerline dimensions were
modeled as fiber based NonlinearBeamColumn elements taking the advantage of
distributed plasticity models [15]. Since the fiber cross-sections make it easy to define
confined regions of concrete, the confinement effect of transverse reinforcement was
taken into account. Although details about the transverse reinforcement are not given in
Appendix A.1, minimum amounts required by the codes each frame complies with were
calculated and assumed to be present in the case study frames. The nonlinear concrete
model parameters for both unconfined and confined regions were then computed
according to Modified Kent and Park [13]. After obtaining the concrete model parameters,
the cross-sections were defined accordingly using the yield strength and the other
parameters of the reinforcements, given previously.

Since the frame elements were defined as massless type, the seismic mass of each
floor due to dead loads and 25% of live loads was lumped at the mass center of
corresponding story. The rigid diaphragm action and P-A effects, however, were ignored
for the frames due to their insignificant effects.

Concerning the viscous damping of the structural system under seismic
excitations, the damping phenomenon was represented using Rayleigh Damping. The
Rayleigh Damping for the selected frames was calculated assuming 5% damping ratio and
stiffness proportional damping. Mass proportional damping, however, was neglected due

to its insignificant effect.

3.3.2 Nonlinear Time History Analyses Results

After completing the modeling of the two dimensional frames, nonlinear time
history analyses were carried out using the ground motion data presented in Chapter 2. In
the analyses, tolerance values, which affect element and global convergences in nonlinear
analyses, were defined carefully to obtain accurate results at the expense of calculation
time. During the analyses, certain responses such as element forces, nodal displacements

and story drifts were recorded and then, processed to obtain the maximum base shear ‘V’,
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maximum top displacement ‘A’ and maximum inter-story drift ratio ‘MIDR’ in absolute
values for each ground motion. For the non-converging cases, the results obtained were
not included in the evaluations. It was observed during the post-processing stage that
maximum base shear and top displacement couples did not occur at the same time step.
Apart from these, when finding the maximum inter-story drift ratio under an earthquake
for each frame, the story level was not taken into account and the highest one regardless of
floor level was considered as the ‘critical’ one. This approach was based on the fact that
the interpretations using the maximum inter-story drift ratio would be much more helpful
for global behavior and performance-based design rather than the assessment of
performance of individual floor levels. The earthquake excitation induced responses of the
frames obtained from the nonlinear time history analyses are summarized in tables which

can be found in Appendix A.2.

3.4 NONLINEAR STATIC ANALYSES

The nonlinear time history analysis is complex in its nature due to the fact that it
requires realistic cyclic modeling of structural components and the results are very
sensitive to the ground motions employed for this type of analysis. Moreover, the use of
large numbers of strong motions in various characteristics to obtain a global structural
behavior of the frame analyzed makes it even more difficult to handle with the large
amount of data to be stored, processed and interpreted. The long computation time
required for the nonlinear analyses with so many excitations also hinders the usage of
nonlinear time history analysis. Considering the drawbacks of this analysis method,
engineering profession prefers simplified nonlinear analysis techniques namely nonlinear
static analyses. As this study partly focuses on the nonlinear static analyses by carrying
out research into the effects of idealized pushover curves on seismic response, pushover
analysis was also utilized to achieve the global behavior of the selected frames. The
assumptions and modeling issues with the details of nonlinear static analyses conducted in

this study will be discussed next.

3.4.1 Modeling and Assumptions

The nonlinear static analyses of the previously mentioned two-dimensional
systems were also carried out in OpenSees using the same models developed for nonlinear
time history analyses, because the fiber based nonlinear beam-column elements in

OpenSees with nonlinear stress-strain relationships and cyclic rules made it easy to use
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single model for both nonlinear static and dynamic analyses. Moreover, the accuracy of
the results was thought to be increased by using the advantage of distributed plasticity that
reflects the nonlinear behavior of the fibers across the element length rather than
representing the nonlinearity of the fibers at lumped plasticity regions (hinges). Another
advantage of fiber based elements is the elimination of moment-curvature or moment-
rotation inputs that dictate the major characteristics of the elements modeled.

A disadvantageous detail about the nonlinear modeling of reinforced concrete
elements that must be expressed is that since the rupture of reinforcement could not have
been defined and taken into account with Steel01 model, the nonlinear behavior of the
elements in high inelastic ranges might not be so accurate. However, this phenomenon
was disregarded, because the crushing of concrete occurred well before longitudinal steel
rupture.

Three different invariant lateral load patterns were applied on the two-dimensional
models to reflect the global behavior of the frames. ‘Uniform’, ‘Triangular’ and ‘Elastic
First Mode’ lateral load patterns were selected, as the first two generally result in upper
and lower bound curves and the last represents the likely distribution of inertial forces due
to first mode response of the structure which is assumed to be predominant over the other
modes of vibration. The details of lateral load pattern calculations are described as

follows:

e ‘Uniform’ Lateral Load Pattern
The lateral force applied at each story is proportional to the mass of that story

level, as given in Eqn. 3.1:

F

where F; and m; denote the lateral force applied and the mass at that story,

3.1)

respectively.

e ‘Triangular’ Lateral Load Pattern
The lateral force applied at each story is proportional to the story number of that
story level, as described in Eqn. 3.2:

F=—_ (3.2)
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where F; and i denote the lateral force applied at that story and the story number,

respectively.

e ‘Elastic First Mode’ Lateral Load Pattern
The lateral force applied at each story is proportional to the product of the mass
and the amplitude of the elastic first mode of that story, as expressed in Eqn. 3.3:

F — m; '¢i

C > (mg)

(3.3)

where F;, m; and ¢; denote the lateral force applied at that story, story mass and the

amplitude of the elastic first mode at that level, respectively.

The lateral force profiles of the case study frames determined according to the
patterns described above are illustrated in Figure 3.3. Note that the lateral forces are

proportioned to establish unit base shear at the ground level.

3.4.2 Nonlinear Static Analyses Results

The pushover analyses were conducted in a scheme that gravity analyses due to
dead loads and 25% of the live loads were first carried out and then, lateral load patterns
mentioned were applied and increased to obtain the global behavior of the frames. The
gravity analyses were conducted by force-controlled algorithm, whereas the lateral
pushover analyses were done by displacement-controlled one to push the frames to 2.5%
global drift which was considered to be close to the global drift capacity of the frames
employed. The normalized capacity curves of the frames, whose general properties
regarding total weight and total height are given in Table 3.1, are illustrated along with the

nonlinear time history results in Figures 3.4-3.6.
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Figure 3.3 Height-wise Distribution of Lateral Load Patterns

for the Case Study Frames

Table 3.1 Total Weight and Height of the Selected Frames

Total Total
Frame Weight Height
(kN) (m)
F2S2B 2700.25 7.92
F2S2B2 1350.13 6.00
F3S2B 2221.76 9.00
F5S2B 2552.33 15.00
F5S4B 9879.85 19.81
F5S7B 7545.07 14.20
F8S3B 17815.65 31.70
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Figure 3.4 Capacity Curves of Frames ‘F2S2B’, ‘F2S2B2’ and ‘F3S2B’

with Nonlinear Time History Analysis Results
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Figure 3.6 Capacity Curves of Frame ‘F8S3B’ with Nonlinear

Time History Analysis Results

Considering the pushover curves of the frames with the nonlinear time history
results, the general wisdom that first mode and triangular load patterns lead to close
curves and that the uniform and triangular patterns result in upper and lower bound curves
was generally revealed by these results. It is also obvious in these figures that the selected
earthquake excitations impose elastic as well as inelastic demands on all frames.

Under elastic first mode lateral load pattern, the height-wise distribution of inter-
story drift ratios at specified global drift levels, as presented in Figure 3.7, supported the
common sense that low-rise frames have a uniform drift distribution and maximum drift
ratio generally occurs at the second floor of mid-rise frames. Additionally, maximum drift
was observed at middle stories of the relatively high rise frame. The general trend of
height-wise drift distribution in the elastic range for each frame was also preserved at high

deformation levels.
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3.5 SINGLE DEGREE OF FREEDOM ANALYSES

Among the simplified nonlinear analysis methods, Capacity Spectrum Method of
ATC-40 [3] and Displacement Coefficient Method of FEMA-356 [10], of which the
concepts have been recently improved by FEMA-440 [4], are the most widely utilized
nonlinear static analysis methods to determine the seismic displacement demand of a
given structure. The target displacement, that is the expected maximum displacement
demand of the structure under a ground motion, is found in the expense of accuracy by
disregarding the complex hysteretic behavior of the structures and the intricate
characteristics of ground motions to some extent. It is later used to predict the seismic
demand in terms of forces and deformations at target displacement. Therefore, the
accuracy of determining the displacement demand certainly affects the accuracy of the
approximate seismic demand parameters using pushover analysis results.

Apart from the two methods mentioned above, simplified nonlinear dynamic
analysis using equivalent SDOF can also be employed to determine the maximum global
displacement demand of a structure under an individual earthquake of particular interest.
Since this approximate procedure employs the ground motion itself rather than a design
spectrum which is mostly used in nonlinear static analyses, the accuracy of the
displacement demand is generally higher than the one obtained by nonlinear static analysis
methods which have certain additional assumptions. In addition, using the proper
modeling of hysteretic characteristics of the structure also increases the accuracy of the
results.

In the context of this study, the effects of idealization methods on seismic demand
were studied employing the simplified nonlinear dynamic analysis method. The reason
behind choosing this simplified method and neglecting the others was the fact that by
conducting nonlinear time history analyses using equivalent SDOF systems, the further
simplifications and assumptions that are present in nonlinear static analysis techniques
were eliminated and thus, the effects would better be presented.

Based on the elastic first mode lateral load dependent pushover analyses
previously presented, the capacity curve of each frame was simplified using four
alternatives of linearization methods namely MULTI, ATC, FEMA and 75%V,. Using
these simplified force-deformation curves, equivalent SDOF systems were obtained and
analyzed under the same ground motion database as MDOF nonlinear time history

analyses. Using the elastic stiffnesses of the simplified systems, linear elastic dynamic
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analyses were also conducted for the ductility and force reduction factor calculations due
to each idealization method for each frame.

The underlying principles for deriving the properties of equivalent SDOF from the
corresponding MDOF, the alternatives of idealization methods of capacity curves and the
results obtained from simplified nonlinear dynamic analyses will be presented in the

following sections.

3.5.1 Equivalent SDOF from MDOF

The basic properties of equivalent SDOF system in this study were obtained by
using the approach presented in ATC-40 [3]. In this approach, MDOF system is

represented by an equivalent SDOF system having an effective mass (M’), an effective

. 4r*M
period (Ter) and thus an effective stiffness (K = ﬂT) assuming that the deflected
eff

*

shape of MDOF system is reflected by the elastic first mode of the structure (Figure 3.8).

A

> 3

*

M

K

L b d rr FFF.
— —

Vbase Vbase

Figure 3.8 MDOF System Represented by Equivalent SDOF System
(ATC-40 [3])

A capacity curve of the overall structure is obtained by performing a pushover
analysis in the first step of determining the force-displacement relationship of equivalent
SDOF system. The original curve is then converted to an approximate bi-linear shape
using the alternative methods described earlier. As the next step, the bi-linear capacity
curve is converted to acceleration-displacement response spectrum (ADRS) format using
Eqn.s 3.4 and 3.5 (Figure 3.9):

\%
a,.W

Sa = (3.4)
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A

Sd = . (3.5
Fl '¢1,r
where W : total weight of building (kN)
V  :base shear (kN)
A, :roof displacement (m)
a; :modal mass coefficient for the fundamental mode
I'1 : modal participation factor for the fundamental mode
01, : amplitude of first mode at roof level
Sa : spectral acceleration (m/s”)
Sd : spectral displacement (m)
e 3
qg (VA F— - ======"TK, % Sa [ =
E 4 -_— ?: 4
» < i
% lee E jmzeiff
= 5 5 ;
A, Ay Sd, Sd,
Roof Displacement (A;) Spectral Displacement, Sd

Figure 3.9 Conversion of Capacity Curve to Capacity Spectrum

In the final stage, the a)ezff of equivalent SDOF system is determined from the

initial slope of the bi-linear capacity spectrum and the force-deformation characteristics of

equivalent SDOF system are computed using Eqn.s 3.6, 3.7 and 3.8:

*

M =a M (3.6)
K =wx M’ (3.7)
Fy =Vy = Say.M (3.8)
where M : mass of the building (t)

M" : effective mass of SDOF (t)

K" : effective stiffness of SDOF (kN/m)

o : effective frequency of SDOF (s™)

Sa, : yield spectral acceleration (m/s?)
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F, :yield force (kN)
V, : yield base shear (kN)

The force-displacement relationship of SDOF system can then be represented as
shown in Figure 3.10, where o is the ratio of post-yield stiffness (K;) of bi-linearized
capacity curve to the elastic stiffness of capacity curve (K.). Utilizing the force-
displacement relationship of the equivalent SDOF system, a nonlinear dynamic analysis is
performed to obtain the inelastic displacement demand of the equivalent SDOF system.
The displacement demand is later converted to global displacement by multiplying the
estimated spectral displacement demand of the equivalent SDOF system with the first

mode participation factor at the roof level.

Force
4

F=Sa.W

K F1'¢1,r

Displacement

Figure 3.10 Force-Displacement Relationship of Equivalent SDOF System
(ATC-40 [3])

3.5.2 Ildealization of Pushover Curves

The global behavior of a structure obtained from pushover analysis can only be
represented by simplified force-deformation models in typical softwares such as OpenSees
[15] and NONLIN [14], since the basic hysteretic models that are implemented in the
simplified nonlinear dynamic analyses require the idealized force-deformation definitions.
As mentioned earlier, there are several alternatives and judgments in the idealization of
capacity curves. Amongst these common alternatives, ATC, FEMA and 75%V, [2] were
employed to idealize the pushover curve of each frame. Apart from these three, since
OpenSees allowed modeling the pushover curve more precisely by multi-linear segments,
a fourth method called MULTI was applied to fully describe the global behavior

(nonlinear static response) of the structure.
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In the MULTI method, the original curve of each MDOF system was
approximated using as many linear segments as chosen (generally 10-15 segments) to
fully describe the non-degrading load-deformation envelope curve of the system. The
properties of this multi-linear curve were then used to model a parallel spring system that
was composed of many elastic perfectly-plastic springs. That is; the stiffnesses of elastic
perfectly-plastic springs were tuned to obtain the stiffness equal to the one of the global
curve. The parallel spring system was then modeled in OpenSees using Parallel material
definition that combined ElasticPP material definitions equal in number of multi-linear
segments. Considering the system as a whole, the requirement of equal area under the
curves was automatically satisfied, since an almost exact force-deformation relationship
with respect to the original curve was obtained by this method as illustrated in Figure

3.11.

Force

Displacement

Figure 3.11 MULTI Idealization Method

In the ATC bi-linearization method, the pushover curve was approximated using a
bi-linear model as described in ATC-40 [3]. The slope of the elastic portion of this bi-
linear model was defined as equal to the initial stiffness of the MDOF curve and the
nonlinear portion was defined as the line between the yield point and the ultimate point
defined at 2.5% global drift considered as the drift capacity of the frames employed. The
equal energy rule was satisfied by equating the areas under the original and the idealized

curves. A sample bi-linear model of this type is depicted in Figure 3.12.
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Figure 3.12 ATC Idealization Method

In the FEMA method, the elastic segment was set through an iterative process to
intersect the original capacity curve at 60% of the approximate yield strength value. The
nonlinear portion was defined similar to the ATC method and the equal energy rule was

fulfilled through equating the areas under the curves as given in Figure 3.13.

Force
Az
S< K.
[
o
Az
0.60Vy |, Art A=Az
Equal Energy Rule !
Ay
/ I
AV

Displacement

Figure 3.13 FEMA Idealization Method

In the 75%V, method, a similar procedure to FEMA method was followed in the
linearization of the original curve. However, this time, the idealized curve was set to
intersect the original curve at the 75% of the approximate yield strength as shown in

Figure 3.14.
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Figure 3.14 75%V, Idealization Method

Common to all idealization methods, an assumption was made throughout
idealizations. According to ATC-40 and FEMA-356, when a capacity curve is idealized,
the ultimate displacement should be defined as the probable target displacement and the
idealization with equal area rule should be applied only to this limited portion of the
original curve. The logic behind this application is that the energy absorbed and dissipated
by the structure during an earthquake would better be approximated by using this
procedure. Since the application of this theoretical step to this study would have made the
calculations more complex, the individual and iterative idealization process for each frame
and each ground motion was not conducted. For the sake of simplicity, the idealization
was made once for each frame using the whole curve defined at a drift limit of 2.5% that
reflected the capacity of each frame.

Using the guidelines above, the capacity curve of each frame was idealized
according to the four methods. Figures 3.15-3.17 presents the comparative idealizations of
each frame with details. The yield base shear force and yield displacement with other
corresponding parameters are summarized in Table 3.2. Note that, since MULTI method
does not have a logical definition of yield, an assumption was made at this step to define
the yield displacement and strength of MULTI idealizations equal to the ones of ATC
method due to the fact that they have the same elastic stiffnesses.

Considering the comparative figures presented, it can generally be said that the
ATC bi-linearization method provided with more rigid representation of the system due to
the use of initial stiffness of the corresponding system causing earlier yielding of the

system and a higher value of hardening ratio. 75%V, method, on the other hand, yielded

38



more flexible models of the original system with the lowest value of post-elastic stiffness.
FEMA method often remained close to 75%V,, however, represented the system with a
more rigid one. In contrast to this general view, for the capacity curves that are close to bi-

linear curves, some of the approximation methods would yield similar idealized curves.

Table 3.2 Properties of Idealized Pushover Curves

Approximation Yield Base \_(ield Roof Yield Base | Yield Average Post-Yield| Ductility

Frame Method Shear Force| Displacement She_a.r Interstpry Drift Slope @ 2._5%
(kN) (m) Coefficient Ratio (%) (%) drift
MULTI 882.0 0.0550 0.327 0.69 14.2 3.60
F2S2B ATC 882.0 0.0550 0.327 0.69 14.2 3.60
FEMA 964.8 0.0697 0.357 0.88 13.7 2.84
75%Vy 1110.0 0.0937 0.411 1.18 8.1 2.11
MULTI 1087.3 0.0396 0.805 0.66 14.4 3.79
F2S2B2 ATC 1087.3 0.0396 0.805 0.66 14.4 3.79
FEMA 1129.7 0.0430 0.837 0.72 13.5 3.49
75%Vy 1145.3 0.0443 0.848 0.74 13.1 3.39
MULTI 1029.5 0.0592 0.463 0.66 14.7 3.80
F3S2B ATC 1029.5 0.0592 0.463 0.66 14.7 3.80
FEMA 1076.2 0.0653 0.484 0.73 13.9 3.45
75%Vy 1108.2 0.0697 0.499 0.77 13.1 3.23
MULTI 721.0 0.0702 0.282 0.47 1.8 5.34
F5S2B ATC 721.0 0.0702 0.282 0.47 1.8 5.34
FEMA 774.7 0.0957 0.303 0.64 0.1 3.92
75%Vy 773.6 0.0987 0.303 0.66 0.1 3.80
MULTI 3003.0 0.1244 0.304 0.63 6.8 3.98
F5S4B ATC 3003.0 0.1244 0.304 0.63 6.8 3.98
FEMA 3228.9 0.1557 0.327 0.79 5.5 3.18
75%Vy 3255.3 0.1593 0.329 0.80 5.2 3.11
MULTI 2745.4 0.0695 0.364 0.49 34 5.11
F5S7B ATC 2745.4 0.0695 0.364 0.49 34 5.11
FEMA 2088.4 0.0972 0.396 0.68 1.8 3.65
75%Vy 3058.9 0.1052 0.405 0.74 1.0 3.37
MULTI 3396.0 0.1508 0.191 0.42 4.7 5.26
FSS3B ATC 3396.0 0.1508 0.191 0.42 4.7 5.26
FEMA 3639.3 0.1985 0.204 0.56 4.0 3.99
75%Vy 3661.7 0.2029 0.206 0.57 3.9 391
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Figure 3.15 Comparative Idealizations of Pushover Curves for Frames

‘F2S2B’, ‘F252B2’ and ‘F3S2B’
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Figure 3.16 Comparative Idealizations of Pushover Curves for Frames
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Figure 3.17 Comparative Idealizations of Pushover Curves for Frame ‘F8S3B’

3.5.3 Equivalent SDOF Analyses Results

The equivalent SDOF systems of the idealized capacity curves of each frame were
formed on the basis of first mode behavior using the theoretical principles summarized
previously. The properties of these equivalent systems were later assigned to the system
shown below in Figure 3.18. As previously described, the spring force-deformation
relationship for the MULTI idealization method was formed using Parallel and ElasticPP
material definitions of OpenSees. For the other three idealization methods, SteelOl
material definition was used to represent the idealized behavior of the structures. Figure
3.19 shows sample hysteresis loops for both multi- and bi-linear models. The reason for
using simple bi-linear model with kinematic hardening and without defining stiffness or
strength degradation was that it was not aimed in this study to investigate the effects of
degradation on SDOF response. In contrast, the study was intended to evaluate the effects
of idealization methods on simple models without introducing further complexities.

Using the equivalent SDOF system properties given in Table 3.3 and taking the
Rayleigh damping coefficient of the SDOF system equal to the coefficient of
corresponding MDOF system, simplified nonlinear dynamic analyses were conducted
again employing the same strong-motion database and utilizing OpenSees. For the
equivalent SDOF system properties, note that only the approximate bi-linear properties are

given, since MULTI method’s properties were complex to present in a single table.
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Figure 3.18 Equivalent SDOF System

Figure 3.19 Sample Hysteresis Loops

Computing the maximum displacement demand of the SDOF system under each
ground motion from the nonlinear analysis results, the maximum top displacement
demand of the corresponding MDOF system was obtained. Later, the approximate seismic
response values at the target displacements were obtained by using the results of pushover
analyses. In addition to the nonlinear dynamic analyses, linear elastic dynamic analyses
using the elastic stiffnesses of idealizations were conducted for each frame to compute the
strength reduction factors, R. The strength reduction factors for each idealization method

were calculated according to Eqn. 3.9:
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AV
R= % R<I: Elastic case (3.9)

yield
where V... denotes the maximum base shear force obtained from the linear elastic
dynamic analysis of a system using the elastic stiffness definition of the idealization
method used and Vg stands for the yield strength of the corresponding method of
idealization of that frame.

In addition to the strength reduction factors, the ductility levels imposed on the
frames due to the seismic excitations were also computed for each idealization method

using Eqn. 3.10:

o= A_ u<l: Elastic case (3.10)

y
where A denotes the maximum top displacement demand of the frame under a strong
motion and A, represents the yield displacement of the frame with respect to the method it
has been idealized.

The results obtained from the approximate analyses of the frames are given in

Appendix A.3.

Table 3.3 Properties of the Equivalent SDOF Systems

Frame Idealization| Teff Sa, Sd, Fy K* o
Method (s) (9) (m) (kN) (kN/m) (%)
ATC 0.642 0.401 0.041 882.0 21475.7 14.16

F2S2B FEMA 0.691 0.439 0.052 964.8 18537.5 13.65
75%Vy 0.747 0.505 0.070 1110.0 15864.9 8.05

ATC 0.347 0.988 0.030 1087.3 36766.9 14.43
F252B2 FEMA 0.355 1.027 0.032 1129.7 35178.7 13.51
75%Vy 0.358 1.041 0.033 1145.3 34619.6 13.09

ATC 0.528 0.603 0.042 1029.5 24631.8 14.69
F3S2B FEMA 0.543 0.631 0.046 1076.2 23333.3 13.87
75%Vy 0.552 0.649 0.049 1108.2 22510.0 13.12

ATC 0.784 0.356 0.054 721.0 13278.6 1.76
F5S2B FEMA 0.882 0.382 0.074 774.7 10470.1 0.06
75%Vy 0.897 0.382 0.076 773.6 10136.5 0.12

ATC 0.969 0.392 0.091 3003.0 32871.7 6.80

F5S4B FEMA 1.045 0.421 0.114 3228.9 28239.2 5.47
75%Vy 1.053 0.424 0.117 3255.3 27826.3 5.24

ATC 0.694 0.452 0.054 2745.4 50766.4 3.44

F557B FEMA 0.786 0.492 0.076 2988.4 39511.5 1.83
75%Vy 0.808 0.504 0.082 3058.9 37368.7 1.02

ATC 1.253 0.270 0.106 3396.0 32196.7 4.66
F8S3B FEMA 1.389 0.290 0.139 3639.3 26212.2 3.96
75%Vy 1.400 0.291 0.142 3661.7 25801.2 3.85
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3.6 COMPARISON OF RESULTS

The seismic demands in terms of maximum roof displacement, maximum base
shear and maximum inter-story drift ratio that were obtained from the equivalent SDOF
analyses were compared with the ‘exact’ results that were obtained from the nonlinear
time history analyses of MDOF systems. In the comparison, as an error indicator for each
idealization method, the approximate results were divided by the ‘exact’ results as shown
in Eqn. 3.11:

Result

Ratio = —cpproximate (3.11)
Result

exact

where ‘Resultypproximare’  denotes the approximate result obtained from one of the
idealization methods ; MULTI, ATC, FEMA and 75%V,, in terms of maximum top
displacement, maximum inter-story drift ratio and maximum base shear whereas
‘Resulteye” indicates the corresponding ‘exact’ result.

In the comparisons of maximum inter-story drift ratio values, the location of
maximum drift ratio was not considered and only critical drift ratio throughout the
structure was compared. The selection of maximum inter-story drift ratio throughout the
structure would be a better indicator in performance-based assessment of regular moment
resisting systems.

Apart from the comparisons of the approximate results obtained for each
idealization method with respect to ‘exact’ results of nonlinear time history analyses, the
results of the approximate procedures; ATC, FEMA and 75%V,, were compared with the
results of MULTI method. This comparison was made because of the assumption that
since the global behavior of a structure is better represented by a capacity curve rather
than individual dynamic analyses whose results are hard to interpret and multi-linear
representation of the capacity curve completely reflects the global behavior of a structure,
it would be better to compare the common idealization methods with respect to multi-
linear method. The assumption here is particularly valid for non-pulse type ground
motions which generally constitute the current ground motion database employed. The
comparison was made similar to Eqn. 3.11. However, for the approximate results only the
ones of ATC, FEMA and 75%V, were used and as the denominator, MULTI method’s
results were used instead of ‘exact’ results.

The comparisons made with respect to both ‘exact’ and ‘MULTI’ results for the
selected frames are given in tables which can be found in Appendix A.4. The

interpretations of the comparisons will be presented in the next chapter of the thesis.
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CHAPTER 4

INTERPRETATION OF RESULTS

4.1 INTRODUCTION

Using the results obtained from nonlinear time history analyses of MDOF systems
and simplified time history analyses using equivalent SDOF systems obtained through
idealization of the capacity curve of each frame according to the alternatives presented,
the influence of idealizations on seismic response of structures were investigated.

Comparisons of the approximate results with respect to ‘exact’ results for
maximum top displacement, maximum inter-story drift ratio and maximum base shear
were studied first along with the correlation studies evaluating the accuracy of
approximations with respect to nonlinear time history analyses. Secondly, to investigate
the effects of approximations, the average of ratios, specified as error indicators in the
previous chapter, were summarized graphically at various levels of global drift. As the
final stage, the trends and dependencies of error indicators on ductility, strength reduction
factor and period were evaluated. The details about the statistical studies and the overall
interpretation of results are presented in the next sections.

4.2 INTERPRETATIONS WITH RESPECT TO ‘EXACT’ RESULTS

4.2.1 Correlation Studies

Approximate maximum top displacement, maximum inter-story drift ratio and
maximum base shear demands computed by the simplified analyses were first compared
with ‘exact’ results to investigate the correlation between each other. The comparisons are
presented as scatter diagrams which show the perfect correlation as the diagonal line. In
addition to the graphical comparisons, statistical studies were also conducted to quantify

the correlation. The ‘coefficient of correlation’, p, which was used to quantify the
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correlation between the results of each approximation and the ‘exact’ results, were

calculated according to Egn. 4.1 [1]:

p:

n

1 &

2 =%)(y; - Y)

n-1 S

x'sy

(4.1)

where X, Y, sc and sy are, respectively, the sample means and sample standard

deviation of X and Y.

The comparison of maximum top displacement results for each idealization

method with respect to ‘exact’ results for frame ‘F2S2B’ are illustrated in Figure 4.1 on

which the correlation coefficient values are also indicated. For the other frames, graphical

comparisons can be found in Appendix A.5.
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Figure 4.1 Comparison of Approximate Results with respect to ‘EXACT’ Values of

Maximum Top Displacement for Frame ‘F2S2B’

Considering the maximum top displacement demand comparisons as depicted in

Figure 4.1 and Figures A.5.2-A.5.7, all approximations captured ‘exact’ behavior very
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well up to the yield displacement of each frame. After yield of the systems, however,
dispersions increased. Both under-estimations and over-estimations of the methods were
observed after these points. ATC method gave the most dispersed results and it generally
under-estimated maximum displacement demands except for frame ‘F5S2B’. FEMA and
75%V, methods usually showed the same trend in predicting the displacement demands.
Excluding frame ‘F5S2B’ which demonstrated large variations in results, as a general
tendency both methods over-estimated the demands after yield. On the other hand,
MULTI method gave the least scattered results which were also supported by the
correlation coefficient calculations. Based on the correlation coefficient computations as
summarized in Table 4.1, all methods could be said to have strong correlation with ‘exact’
results with the exception of ATC approximation which mostly gave the lowest coefficient

of correlation values.

Table 4.1 Coefficient of Correlation Values of Approximation Alternatives

at Predicting Maximum Top Displacement Demands

FRAME | MULTI ATC FEMA | 75%V,
F252B 0.924 0.876 0.895 0.919
F2S2B2 0.971 0.954 0.967 0.971
F3S2B 0.978 0.961 0.961 0.961
F552B 0.938 0.910 0.866 0.877
F554B 0.979 0.942 0.964 0.965
F557B 0.992 0.890 0.975 0.980
F8S3B 0.972 0.939 0.957 0.961

Overall
Mean

0.965 0.925 0.941 0.948

Using the similar graphical comparisons for maximum inter-story drift ratio that
are illustrated in Figure 4.2 for frame ‘F2S2B’ and Figures A.5.9-A.5.14 for other frames,
all methods presented perfect correlation in low maximum inter-story drift ratio values
corresponding to the elastic range. Nevertheless, at high drift ratios, the performance of
idealization methods at capturing ‘exact’ behavior decreased and the methods showed a
general tendency to under-estimate drift demands. In contrast to this general tendency,
there were some cases in which the methods slightly over-estimated the results. Based on

the quantified results of correlation as given in Table 4.2, except for frames ‘F2S2B’ and
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‘F5S2B’ for which low correlation coefficient values were observed, all methods showed

strong correlation; ATC method generally yielding the lowest ones.
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Figure 4.2 Comparison of Approximate Results with respect to ‘EXACT’ Values of
Maximum Inter-Story Drift Ratio for Frame ‘F2S2B’

Table 4.2 Coefficient of Correlation Values of Approximation Alternatives

at Predicting Maximum Inter-Story Drift Ratio Demands

FRAME | MULTI ATC FEMA | 75%V,
F252B 0.861 0.811 0.830 0.863
F2S2B2 0.973 0.959 0.970 0.973
F3S2B 0.980 0.964 0.964 0.966
F5S2B 0.883 0.840 0.811 0.817
F554B 0.981 0.946 0.970 0.971
F5S7B 0.926 0.756 0.906 0.927
F8S3B 0.951 0.938 0.943 0.946

Overall
Mean

0.936 0.888 0.914 0.923
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The graphical comparisons for maximum base shear values are depicted in Figure
4.3 and Figures A.5.16-A.5.21. All idealization methods performed well on the average in
the elastic range. In yield base shear range of frames, the approximate results were
dispersed widely pointing out the poor performance of the methods in these regions. The
general behavior after yielding of systems could be expressed as under-estimation of
maximum base shear values. Among the alternatives, ATC method showed the most
scattered results which was also supported by the correlation studies as summarized in
Table 4.3. The methods MULTI, FEMA and 75%V, showed high correlation with the
‘exact’ results considering the whole data. In addition, the case of dispersed results
showing under-estimations as well as over-estimations for mid-rise buildings changed into

the case of definite under-estimations for the relatively high rise frame indicating the

significance of higher mode effects.

Figure 4.3 Comparison of Approximate Results with respect to ‘EXACT” Values of
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Table 4.3 Coefficient of Correlation Values of Approximation Alternatives

at Predicting Maximum Base Shear Demands

FRAME | MULTI ATC FEMA | 75%yV,
F252B 0.971 0.954 0.968 0.968
F252B2 0.980 0.965 0.978 0.982
F3S2B 0.976 0.962 0.968 0.973
F552B 0.977 0.941 0.982 0.980
F554B 0.970 0.951 0.971 0.972
F557B 0.979 0.934 0.982 0.982
F8S3B 0.956 0.937 0.955 0.956

Overall
Mean

0.973 0.949 0.972 0.973

4.2.2 Comparison of Methods at VVarious Levels of Global Drift

Apart from the correlation studies, the approximation methods were also
compared at various levels of global drift. The selection of drift level instead of ductility
level was based on the fact that each idealization method has its own yield displacement
definition and thus causing different ductility values. On the other hand, by using drift
based comparisons, it would be easier to figure out the unbiased error level in the
prediction of the demand parameter sought at the level of global drift considered.

Using the comparison results in terms of ratios as error indicators previously
given, the results were clustered at each 0.5% global drift increments for each
approximation method. That is, for 1% global drift, the results in the range between 0.75%
and 1.25% global drift were collected. If the number of data collected from this range was
less than 3, the data was discarded. For each method, mean, standard deviation, minimum
and maximum values were calculated using the data within the above pre-defined drift
levels. Later, for every frame, these statistical results were expressed as minimum,
maximum, mean, mean minus/plus one standard deviation values at the specified global
drift levels.

Figures 4.4 to 4.9 present the statistical features of the error indicators calculated
based on the approximations employed. In these figures, solid boxes show the mean value
(center line of the box) and plus/minus one standard deviation (upper and lower edges of
the box). Vertical lines passing through the center of the boxes depict the upper and lower
limits of the values that are maximum and minimum values. In certain cases, due to
rigidity and strength of the individual frames, results could not be calculated at high drift

ratios.
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Considering the prediction capability of approximations in terms of maximum
displacement demand as given in Figure 4.4 and Figures A.6.2-A.6.7, it was observed that
the results were highly affected by individual ground motions since some methods yielded
even 60% under-estimations and 70% over-estimations for some of the frames.
Nonetheless, as a general behavior, the mean error in computing the displacement demand
remained around 20%. Up to average yield drift ratios which are in the range of 0.4 to 1.2,
MULTI and ATC methods under-estimated the ‘exact’ displacement as much as 15%. In
contrast, FEMA and 75%V, methods usually remained close to exact prediction line with
the latter one giving the highest displacement demand. After the yield global drift levels,
the general trend to under-estimate or to over-estimate was observed to be unclear, but the
dispersion of each method at high drift levels was noticed to be increased. MULTI method
commonly showed little dispersion whereas ATC method indicated the most scattered
results. Having higher standard deviations as opposed to MULTI method, FEMA method
globally gave very close results with respect to the ‘exact” maximum top displacement
demands. Hence, when the roof displacement demand predictions are of concern, FEMA

method was observed to be the most accurate one among the alternatives employed.
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Figure 4.4 Comparison of Approximations with respect to ‘EXACT’ Values of Maximum
Top Displacement at Specified Global Roof Drifts for Frame ‘F2S2B’

52



Similar to maximum roof displacement predictions, the errors indicating the ratios
of maximum inter-story drift were also summarized as previously described. As illustrated
through Figure 4.5 and Figures A.6.9-A.6.14, both lower and upper limits for mean errors
at indicated drift levels were around 25%. However, in some methods, the errors
approached to 85% with both under-estimations and over-estimations indicating that the
results were highly affected from the ground motion characteristics. MULTI and ATC
methods gave very close results and generally under-estimated the response. On the
contrary, FEMA and 75%V, methods predicted the critical inter-story drift demands in a
better sense with relatively small under-estimations as well as slightly conservative results
for some cases. MULTI method again usually showed the least dispersion in results with
75%V, being the second.
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Figure 4.5 Comparison of Approximations with respect to ‘EXACT’ Values of Maximum

Inter-Story Drift Ratio at Specified Global Roof Drifts for Frame ‘F2S2B’

Similarly, the effects of approximation methods on maximum base shear

predictions are also summarized in Figure 4.6 and Figures A.6.16-A.6.21. The
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comparisons summarized indicated that up to yield drift levels for low- to mid-rise
structures, the under-estimation in mean errors was limited by 10% for MULTI and ATC
methods. FEMA and 75%V, yielded even better force demand predictions by giving
higher values of base shear. These results can be attributed to higher yield base shear force
values attained through FEMA and 75%V,. Additionally, the expectation that the shear
force predictions based on approximate methods yield under-estimations due to the
capacity curves representing lower-bound of exact values is also revealed in these plots.
However, considering the under-estimations and over-estimations computed up to 40%
and 50%, respectively, the dispersions for all methods could be said to be high in elastic
defined regions. Beyond these regions, general behavior of approximation methods was to
slightly under-estimate the demand, but the dispersions diminished to comparatively small
values. For the relatively high rise building, on the other hand, the under-estimation in
mean errors were in the order of 15-20% without pointing out a single alternative that
captured ‘exact’ behavior in a better sense. The results for this frame again indicated the

presence of higher mode effects.
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Figure 4.6 Comparison of Approximations with respect to ‘EXACT’ Values of Maximum
Base Shear at Specified Global Roof Drifts for Frame ‘F252B’
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In general, ATC method showed the most dispersion in elastic regions according
to standard deviation, minimum, and maximum values. Unlike MULTI and ATC, FEMA
and 75%V, were able to capture the ‘exact’ base shear demands satisfactorily up to the

yield of systems. After yielding, all methods gave similar results.

4.2.3 Period-wise Comparison of Methods

The results of the previous section were re-evaluated to represent the error
distribution with respect to period. The mean error ratios for maximum displacement
demands of each frame, as illustrated in Figure 4.7, showed that ATC and MULTI
methods gave very close results and generally under-estimated ‘exact’ demands as much
as 10%, whereas FEMA and 75%V,, being the second couple, yielded better predictions
of the roof displacement demands with conservative results in some cases. Despite the fact
that the results highly vary due to record-to-record variability, it was observed that
MULT]I exhibited the least scatter, although it under-estimated the response at all periods.
On the contrary, FEMA was observed to be the best alternative by yielding results very

close to the ‘exact’ results with relatively small dispersion.
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Figure 4.7 Period-wise Distribution of Comparisons for

Maximum Displacement Demands with respect to ‘EXACT’ Results
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Along with the period-wise comparison graph, the fundamental period
dependency graphs as depicted in Figure 4.9 showed that there was no clear trend between
period and mean roof displacement demand prediction errors. Hence, it could be said that,
on the average, the accuracy of methods at mean displacement demand estimation is not
significantly affected by the period change. Additionally, the under-estimating behavior of
MULTI and ATC methods were also confirmed by these graphs.

In the prediction of ‘exact” maximum inter-story drifts, as depicted in Figure 4.8,
MULTI and ATC methods resulted in 5-10% under-estimations for low- and mid-rise
frames. Additionally, the mean errors reached 20% for the eight-story frame. Unlike these
two, FEMA and 75%V, methods generally predicted the ‘exact’ mean demands within 5%
error. For the high rise building, in contrast, the error for these methods reached 10%.
MULTI method again showed little dispersion in results, whereas the other three were
similar considering the scatter of results. In spite of the relatively low dispersions, in some
cases, the extreme errors were in the order of 80-85% giving both under- and over-
estimated results. Regarding the mean ratios, FEMA and 75%V, methods could be said to

be the best alternatives in capturing the ‘exact’ drift demands.
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Figure 4.8 Period-wise Distribution of Comparisons for

Maximum Inter-story Drift Ratio Demands with respect to ‘EXACT’ Results
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The error plots as a function of fundamental period as presented in Figure 4.11
also supported the previous findings that MULTI and ATC methods generally under-
estimated the results and this under-estimation increased with increasing the period.
Although similar trend was observed for the FEMA and 75%V, methods, this was
relatively insignificant.

Examination of the mean ratios presented in Figure 4.10 revealed that ATC and
MULTI methods predicted the base shear demand with an under-estimation error of 10%
for low- to mid-rise frames. For the frame with highest period, the mean errors reached
almost 20%. The mean errors for FEMA and 75%V, remained less than 5% generally, but
for the relatively high-rise frame the average was observed to be 10%. Consequently, the
last two alternatives gave closer estimations of maximum base shear demand at all cases.
The deviation in results, although not significantly different from others, was smallest for
the idealization method, MULTI.
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Figure 4.10 Period-wise Distribution of Comparisons for

Maximum Base Shear Demands with respect to ‘EXACT’ Results
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Similar to the observations made for the inter story drift, the effect of period
change on the prediction capability of idealization alternatives was observed to be a
decrease in accuracy with increasing periods as illustrated in Figure 4.12. It was also
noticed that the decrease in accuracy of MULTI and ATC methods were higher with
respect to the decrease in accuracy of FEMA and 75%V, methods. This reveals that the
MULTI and ATC methods’ prediction capabilities at estimating force demands are weaker

at high periods.

4.2.4  Trends and Dependencies on Ductility and Strength Reduction Factor

Apart from the comparisons of methods at specified global drift levels, the likely
error dependency on ductility (i) and strength reduction factor (R) were also investigated.
When seeking for dependencies on ductility and strength reduction factor, for each seismic
demand parameter and each frame, all results were shown as data points and linear
regression line was obtained from these data points. By using the linear trend lines, it
would be possible to identify the dependencies of errors on ductility and strength
reduction factor. It must be noted here that u=1 and R=1 indicates the elastic cases.

Considering the error plots as functions of ductility and strength reduction factor
(dependency graphs) with respect to ‘exact’” values in terms of maximum top
displacement, as given in Figures 4.13-4.14 and Figures A.7.1-A.7.14, the error ratios
generally tended to decrease with increasing degrees of inelasticity for low-rise frames. In
contrast, for mid- to high-rise frames, the general trend was to increase with increasing
levels of ductility. The strength reduction factor dependency was similar to the ductility
dependency in most of the cases. This shows that the accuracy of predictions depend on
the degree of inelasticity in all cases such that the degree of under-estimation increases for
low-rise frames whereas the opposite trend is observed for mid- to high-rise frames.

Figures 4.15-4.16 and Figures A.7.15-A.7.28 showed that in maximum inter-story
drift ratio predictions, the ratios tended to decrease for low-rise frames as the inelasticity
degree increased. In mid- to high- rise frames, the general tendency was an increase in the
amount of under-estimation with increasing ductility level, leading to over-estimations at
large ductility values. Moreover, the dependencies on strength reduction factor again
generally complied with the ductility dependencies except that in a few cases FEMA and

75%V, showed insignificant opposite trends between p and R.
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It was observed in the trend graphs of maximum base shear force demand
predictions, as depicted in Figures 4.17-4.18 and Figures A.7.29-A.7.42, that no
systematic trend was present all over the cases. However, it could be said that for FEMA
and 75%V, methods the ratios showed a general tendency to decrease with increasing

ductility and strength reduction factor levels.

4.3 SUMMARY OF COMPARISONS

The comparison of most widely employed demand parameters computed from
approximations employed with the exact results were presented in the previous sections.
These comparisons were made at different drift, ductility and strength reduction values to
investigate the accuracy of the approximations in the elastic as well as inelastic response
regions. The overall evaluations, as summarized in Tables 4.4-4.6, suggest no superiority
of one approach over the others. The behavior, in general, seemed to have a mild
dependency on the level of inelastic response.

Table 4.4 Error Statistics for Maximum Top Displacement Estimations

MULTI ATC FEMA 75%V,

Mean c Mean o Mean o Mean G

F2S2B | 0.942 | 0.115] 0.926 | 0.179 | 1.005 | 0.157 | 1.117 | 0.173
F252B2 | 0.930 | 0.114 | 0.930 | 0.150 | 0.971 | 0.122 | 0.984 | 0.111
F3S2B | 0.939 | 0.125 ] 0.946 | 0.169 | 0.982 | 0.154 | 1.005 | 0.138
F552B | 0.940 | 0.134 | 0.947 | 0.221 | 1.064 | 0.201 | 1.078 | 0.210
F554B | 0.928 | 0.096 | 0.907 | 0.161 | 1.005 | 0.112 | 1.014 | 0.110
F557B | 0.925| 0.086 | 0.937 | 0.216 | 1.055 | 0.146 | 1.088 | 0.152
F8S3B | 0.922 | 0.102 | 0.897 | 0.155 ( 1.021 | 0.139 | 1.029 | 0.135

FRAME

Table 4.5 Error Statistics for Maximum Inter-Story Drift Ratio Estimations

MULTI ATC FEMA 75%V,

Mean (o] Mean o Mean o Mean o

F2S2B | 0.904 | 0.121 ] 0.891 | 0.172 | 0.965 | 0.155 | 1.065 | 0.176
F252B2 | 0.941 | 0.110 | 0.941 | 0.142 | 0.981 | 0.115| 0.994 | 0.104
F3S2B | 0.944 | 0.120 | 0.951 | 0.160 | 0.985 | 0.144 | 1.007 | 0.128
F552B | 0.903 | 0.151 | 0.913 | 0.246 | 1.033 | 0.223 | 1.049 | 0.232
F554B | 0917 | 0.116 | 0.895 | 0.178 | 0.997 | 0.137 | 1.007 | 0.135
F557B | 0.901 | 0.117 | 0.922 | 0.258 | 1.037 | 0.185 | 1.071 | 0.181
F8S3B | 0.812 | 0.156 | 0.785 | 0.171 | 0.905 | 0.188 | 0.913 | 0.189

FRAME
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Table 4.6 Error Statistics for Maximum Base Shear Estimations

MULTI ATC FEMA 75%V,

Mean c Mean o Mean o Mean G

F2S2B | 0.945 | 0.097 | 0.947 | 0.127 | 0.990 | 0.107 | 1.032 | 0.124
F252B2 | 0.967 | 0.092 | 0.971 | 0.115 | 1.001 | 0.090 | 1.010 | 0.081
F3S2B | 0.939 | 0.100 | 0.948 | 0.120 | 0.965 | 0.108 | 0.976 | 0.100
F552B | 0.924 | 0.089 | 0.929 | 0.139 | 0.985 | 0.111 | 0.994 | 0.129
F554B | 0.921 | 0.125 | 0.908 | 0.150 | 0.968 | 0.128 | 0.973 | 0.128
F5S57B | 0.943 | 0.100 | 0.952 | 0.156 | 1.013 | 0.119 | 1.030 | 0.132
F8S3B | 0.833 | 0.132 ]| 0.828 | 0.165 | 0.886 | 0.152 | 0.890 | 0.153

FRAME

FEMA approach provides better predictions for the mean seismic demand
parameters due to smaller initial stiffness which appears to have more influence than the
yield strength. ATC-40 and MULTI linear approximations produce similar results and
generally underestimate the mean response.

In general, the exact representation of the pushover curve called as MULTI under-
estimated the ‘exact’ results with the mean error remaining within 20%. Although, the
dispersion in the results was found to be the smallest compared to other alternatives,
unlike the expectations the predictions were not the most accurate ones. This finding calls
for more in-dept and elaborate examination of the results. Possible legitimate explanation
appears to be the lack of representing the actual behavior only through the pushover curve.
Recalling generally stated reasons for inaccurate results obtained from approximate
procedures such as inability to reflect higher mode effects, inadequate representation of
hysteretic behavior and the lack of including redistribution leading to inaccurate hinge
distributions, the set of ground motion records included might also have played an
important role.

In certain cases, the effect of the ground motion on the results that show large
variation between the exact and the approximate ones could partly be explained by
investigating the response spectra of the specific records. The three data points displayed
in Figures 4.1 and 4.2 indicate that the exact time history analysis results corresponding to
three ground-motion records are underestimated by a large margin. Similar observation
was also made for frames F5S2B and F5S7B. As in the case illustrated in Figure 4.19, for
frames F2S2B (T,=0.59 s), F5S2B (T,=0.75 s) and F5S7B (T,=0.66 s), the records 77, 81
and 93 had more destructive effect than the ground motion 92 by causing higher seismic

demands although record 92 has larger spectral acceleration at the fundamental period in
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certain cases. This situation was believed to be related to the shape and area under the
response spectra. As the seismic excitation pushes the structure into the inelastic range,
the increase in the spectral ordinates corresponding to the elongated period of the structure
imposes large demands. According to Figure 4.19, as the period increases, the pseudo-
acceleration that this deformed system will be exposed also increases under the ground
motions 77, 81 and 93, which is not the case for record 92. This large demand can be
captured by the nonlinear time history analyses of the MDOF system. Equivalent SDOF
systems seem to be unable to reflect this. Consequently, higher seismic demands in terms

of roof displacement and critical inter-story drift ratio are attained by MDOF systems.
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Figure 4.19 Response Spectra for Ground Motions 77, 81, 92 and 93

Ignoring all these factors which are common to all methods of approximations
employed in this study, it is expected to obtain the most accurate results from MULT] that
describes the pushover curve the best. It appears that the idealization of the pushover
curve using MULTI reduces the dispersion significantly but does not improve prediction
of the mean demand values. So, bi-linearizing the capacity curve using a reasonable
approach such as FEMA would yield relatively good results. FEMA approach appears to

be a conservative approach with smaller dispersion than ATC method.
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As it was expressed previously, the bi-linear approximation methods were also
compared with the results of MULTI method in order to evaluate the performance of the
methods at capturing the global behavior. The interpretations made over these
comparisons can be found in Appendix B. It has been observed that correlation between
the MULTI method and other procedures is quite high for all response parameters
investigated here. ATC method generally provides similar results with the MULTI
approach especially in the elastic range since both procedures use the same initial
stiffness. Although, errors with respect to MULTI method were in certain cases over 50%,
the predictions in the mean parameters were generally within 20 percent. These
comparisons verify that the simplified approaches employed provide reasonable results as
compared to the MULTI method which provides the most accurate representation of the

actual capacity curve.
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CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

5.1 SUMMARY

A comprehensive research has been undertaken to evaluate the influence of
several existing alternatives used for approximating capacity curves on seismic demands.
In order to achieve this goal, seven reinforced concrete frames were analyzed under nearly
100 ground motions utilizing OpenSees. Firstly, nonlinear time history analyses were
conducted to compute the ‘exact’ seismic demands in terms of maximum top
displacement, maximum inter-story drift ratio and maximum base shear under given
ground motions. After obtaining the seismic responses, nonlinear static analyses namely
pushover analyses were conducted to obtain the global behavior of each frame based on
‘elastic first mode’ lateral load pattern. The capacity curve of each frame was later

approximated using four alternative methods:

e In MULTI method, the capacity curve was approximated using many
linear segments to fully describe the curve.

e In ATC method, the curve was approximated using the initial stiffness
approach as ATC-40 recommends.

¢ In FEMA method, the pushover curve was idealized using the effective
secant stiffness approach by applying FEMA-356 propositions.

e In modified FEMA method (75%Vy), the capacity curves was idealized
again using an effective secant stiffness approach but this time the
recommendations of Paulay and Priestley [17] were followed in

conjunction with equal energy rule.
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Based on the idealized capacity curves, equivalent SDOF models of MDOF
systems were formed and analyzed under the same ground motion set. From these
simplified nonlinear dynamic analyses, approximate top displacement demands were
found and at these target displacements, drift and force demands were computed in
conjunction with the results of pushover analyses.

The approximate seismic demands were then compared with the ‘exact’ results of
nonlinear time history analyses and the performance of each idealization alternative at
predicting exact responses were evaluated at various levels of inelasticity. Additionally,
the dependency of prediction errors on ductility, strength reduction factor and period was
also investigated. Apart from the comparisons with respect to ‘exact’ results, the
predictions of bi-linearization methods were also compared with the results of MULTI
method. This comparison was made in order to evaluate the common methods at
predicting the global behavior that was thought to be better presented by fully described

capacity curve rather than predicting individual nonlinear time history analysis results.

5.2 CONCLUSIONS

Based on the interpretations made over the comparisons of simplified analysis
results with ‘exact’ results, following conclusions were drawn:

¢ No method seems to be clearly superior in all cases at predicting the exact
seismic response parameters in terms of roof displacement, maximum
inter-story drift and base shear force.

e All methods generally estimate the seismic demand parameters with 20
percent mean error. Although the order of mean errors of the
approximations is very similar, ATC method shows a great variation in
the results and generally yields underestimation of seismic response
parameters. Similar to ATC method, MULTI method under-estimates the
demands, but the dispersion in MULTI method’s results is the smallest
among the approximation alternatives employed. FEMA and 75%V,
methods, however, generally over-estimate the response parameters with
slightly larger scatter.

e |t appears that accurate representation of the pushover curve does not
improve mean results significantly. However, it reduces the uncertainty in

the predictions.
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It seems that other factors such as hysteretic behavior (loading-unloading
model), ground motion characteristics and frame properties play more
important role than the accurate representation of the capacity curve.

The maximum top displacement prediction performance of approximation
alternatives does not seem to depend on period. In contrast, for the global
force demand predictions, all methods tend to under-estimate the exact
demand with increasing period. Moreover, MULTI and ATC methods’
under-estimation of maximum inter-story drift demands also decrease
with increasing period.

The behavior, in general, seems to be not significantly depending on the
degree of inelastic response. That is, no general trend in the prediction
errors is observed with an increase in both ductility level and strength
reduction factor.

For frames whose idealized capacity curves do not differ very much from
each other, the yield definitions for displacement and strength would also
not be so different from each other. However, for frames that do have
parabolic capacity curves with unclear yield point, the approximations
would yield very contrasting yield definitions.

Although MULTI seems to provide relatively better results, due to
difficulty of its representation simpler models such as FEMA and ATC
are recommended.

Among the simpler idealization methods, FEMA approach appears to be a
conservative approach with smaller dispersion than ATC method, thus it
would be better to use FEMA method in order to estimate the seismic
demand parameters in terms of top displacement, maximum inter-story

drift and base shear force.

In addition to the evaluation of the approximation alternatives at predicting the

exact results, ATC, FEMA and 75%V, methods were also evaluated at estimating the

response parameters with respect to global behavior that was represented by MULTI

method. ATC method seems to be definitely exceptional in all cases by correlating very
well with MULTI method results. FEMA and 75%V, methods generally over-estimate the

displacement and drift demands and the degree of over-estimation seems to decrease with

increasing period, ductility and strength reduction factor. However, the mean errors
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remain in reasonable limits supporting the idea that bi-linear models can be used in

simplified analyses instead of the complex model formed by multi-linear segments.

5.3 FUTURE STUDY RECOMMENDATIONS

Seven reinforced concrete frames, which do not have strength degradation in their
nonlinear static response, were analyzed in this study. Although the fundamental period of
vibration distribution was almost uniform, the study should be broadened with a larger
frame database of having various fundamental periods and global behavior characteristics.
Degrading models might also be included in an extended study to evaluate the effects of
idealized pushover curves on these building types.

Although 100 ground motions were employed in this study to push the structures
into various degrees of inelasticity, the equality of number of results at each ductility level
could not have been satisfied, i.e. the inelasticity was not evenly distributed under given
ground motion set. Thus, in order to have a better statistical distribution, larger ground
motion database may be utilized or present earthquakes may be scaled to generate new
ones.

An assumption was made when idealizing the capacity curves that the maximum
displacement was always assumed to be at 2.5% global drift of the building and the last
point of the idealized curve was defined accordingly. In the future studies, either the effect
of this assumption should be identified or this assumption might be disregarded by
updating the trial performance point at each step which would increase computational
steps.

In the nonlinear dynamic analyses of equivalent SDOF systems, non-degrading
SDOF systems with kinematic hardening type were used. The studies should be extended
to include also the degrading models.

Apart from equivalent SDOF analyses on the approximated capacity models,
seismic response calculations using Capacity Spectrum Method and Displacement
Coefficient Method might be also studied in order to investigate and include the effects of

further approximations that are present in approximate procedures.
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APPENDIX A

FRAME DATA, RESULTS AND COMPARISON OF ANALYSES

A.1l DESCRIPTION OF SELECTED FRAMES

A.1.1 F2S2B
B2 B2
£
S c1 c1 c1
S
@ B1 B1
£
N
S c1 c1 c1
(o))
e
s I L
7.3152'm 7.3152m

Figure A.1.1 Frame F2S2B

BEAM B1 BEAM B2
b =305 mm b =305 mm
h =556 mm h =508 mm
clear cover =56 mm clear cover =51 mm
................ @-........ S
1342 mm? <~ > 1342 mm?
<
3148 mm’ o, %2503 mm?
ReRCTYF SR @ ~
b
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COLUMN C1

Area = 645.2 mm?

o0 0090
° °
® ®
® °
T X X

b =609.6 mm

clear cover =61 mm

609.6 mm

h =

Material Properties
Modal Properties
Unconfined Concrete Properties T, (s) 0.592
Section | f. (MPa) €co feu (MPa) Ecu T, (s) 0.174
All 26.000 0.002 0.001 0.0057
Confined Concrete Properties Story Masses
Section | fe. (MPa) Ecoc fouc (MPa) Ecuc Story Mass (ton)
C1l 34.153 0.0026 6.831 0.048 1 177.7014
Bl 29.692 0.0023 5.938 0.017 2 97.5535
B2 29.670 0.0023 5.934 0.018
Reinforcing Steel Properties Beam Loading (kN/m)
. Hardening Beam DL LL
Section | f, (MPa) | f,,, (MPa) Ratio E (MPa) B1 5471 195
Al 494.000 [ 494.000 | 0.005 | 200000 B2 19.23 0.98

80




A.1.2 F252B2

B2 B2
e
8. C1 C1 C1
™
Bl Bl
(S
8 C1 C1l C1l
™
77 7777 7777
6.00 m 6.00 m
Figure A.1.2 Frame F2S2B2
BEAM B1 BEAM B2 COLUMN C1
b =250 mm b =250 mm
h =500 mm h =500 mm Area = 645.2 mm?
clear cover =50 mm clear cover = 50 mm
............. ®..... ... © o o0 c
1342 mm? < > 1342 mm? ° N
= S
3148 mm? .. 72508 mm? * ® ®
............. . was . . . . =
b b =600.0 mm
clear cover =50 mm
Material Properties
Modal Properties
Unconfined Concrete Properties T.(S) 0.302
Section | f. (MPa) €c0 fou (MPa) €cu T, (S) 0.089
All 26.000 0.002 0.001 0.0057
Confined Concrete Properties Story Masses
Section | f.. (MPa) €coc feue (MPa) €cuc Story Mass (ton)
C1l 33.422 0.0026 6.684 0.045 1 88.851
Bl 30.552 0.0024 6.110 0.018 2 48.777
B2 30.552 0.0024 6.110 0.018
Reinforcing Steel Properties Beam Loading (kN/m)
. Hardenin Beam DL LL
Section fy (MPa) ny (MPa) Ratio 9 E (MPa) Bl 12.36 0.98
Al 494.000 | 494.000 | 0.005 | 200000 B2 9.62 0.49
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A.1.3 F352B

B2 B2
£
g C1 c1 c1
o
B1 B1
£
g C1 c1 c1
e
B1 B1
£
g c1 c1 c1
o
7777y I LS
6.00 m 6.00 m

Figure A.1.3 Frame F3S2B

BEAM B1 BEAM B2
b =250 mm b =250 mm
h =500 mm h =500 mm
clear cover =50 mm clear cover =50 mm
T e ®...J . )
1342 mm? <~ > 1342 mm?
=
3148 mm” o %2503 mm?
............... . wer
b
COLUMN C1

Area = 645.2 mm?

<

e © 0 o .
IS
® CY IS
S
o @ |
I
®e © o o/
b =700.0 mm

clear cover =50 mm
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Material Properties

Modal Properties

Unconfined Concrete Properties T: (s) 0.450
Section | fc (MPa) €co fou (MPa) €cu T, () 0.118
All 26.000 0.002 0.001 0.0057 T3 (S) 0.058
Confined Concrete Properties Story Masses
Section | fe. (MPa) gcoc  |fouc (MPR)|  gcyc Story Mass (ton)
C1 33.422 0.0026 6.684 0.045 1 88.851
B1 30.552 0.0024 6.110 0.018 2 88.851
B2 30.552 0.0024 6.110 0.018 3 48.777
Reinforcing Steel Properties Beam Loading (kN/m)
. Hardening Beam DL LL
Section | f, (MPa) | f,,, (MPa . E (MPa
v (MPa) |t MPR) | i (MPa) B1 12.36 0.98
All 494.000 | 494.000 0.005 200000 B2 9.62 0.49
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A.1.4 F552B

Bl Bl
£
g c1 C1 C1
™ Bl Bl
£
g C1 C1 C1
) Bl B1
£
8 C1 Ci1 C1
™ Bl Bl
£
g C1 C1 Cc1
o~ B1 Bl
£
8 C1 Ci Ci
™
Frrrs s FrrsY
5.675m 5.675m
Figure A.1.4 Frame F552B
BEAM B1 COLUMN C1
b =250 mm
h = 600 mm Area = 254 mm?

clear cover =50 mm

2500 mm? 4

2
1650 mm <

b =600.0 mm

clear cover =50 mm
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Material Properties

Unconfined Concrete Properties

Secti

on

f. (MPa)

€co

fou (MPa)

Ecu

All

20.000

0.002

0.001

0.0075

Confined

Concrete Properties

Section

f

cc (MPa)

€coc

feuc (MPa)

€cuc

C1

26.692

0.0027

5.338

0.049

Bl

23.659

0.0024

4.732

0.019

Reinforc

ing Steel Properties

Section

f, (MPa)

fow (MPa)

Ratio

Hardening

E (MPa)

All

420.000

420.000

0.005

200000

Modal Properties

Ti(s)

0.746

T4 (S)

0.094

T, (s)

0.221

Ts (S) 0

.072

T3 (s)

0.113

Story Masses

Story

Mass (ton

Story

Mass (ton)

47.505

4

52.177

52.177

5

56.140

52.177

Beam Loading (KN/m

Beam

DL

LL

Bl

12.36

0.

98

B1 - Top Floor

9.62

0.

49
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A.1.5 F554B

. B2 B2 B2 B2
N
g C1 c1 c1 c1 c1
Z Bl Bl Bl Bl
N
© C1 c1 c1 c1 Cc1
© B1 B1 B1 B1
1S
N
g c1 c1 c1 c1 c1
© B1 B1 B1 B1
1S
<
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P Bl B1 B1 B1
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<
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7.3152m 7.3152m 7.3152m 7.3152m

Figure A.1.5 Frame F554B

BEAM B1 BEAM B2
b =406 mm b =305 mm
h =660 mm h =508 mm

clear cover = 66 mm clear cover =51 mm
JUI BT @®-....J ...
5080 mm? 4 3790 mm?
e
3150 mm® o %2500 mm?
............... .
b
COLUMN C1

Area = 885.8 mm?

....\.

o000 0O
o000
711.0 mm

h =

® 606 060 O
b=711.0 mm

clear cover =46 mm
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Material Properties

Unconfined Concrete Properties

Secti

on

fc (M Pa) €co 1:cu (MPa) Ecu

All

28.000 0.002 0.001 0.0054

Confined Concrete Properties

Section

fcc (MPa) €coc fcuc (MPa)

8CLJC

C1

36.173 0.0026 7.235 0.058

Bl

31.997 0.0023 6.399 0.022

B2

33.328 0.0024 6.666 0.024

Reinforcing Steel Properties

Section

f, (MPa) |f,, (MPa) | TaT9eNNG | £ (\pg)

Ratio

All

459.000 | 459.000 0.005 200000

Modal Properties

Ti(s)

0.954 T, (s) 0.138

T, (s)

0.298 T (s) 0.107

T3 (s)

0.158

Story Masses

Story

Mass (ton) Story |Mass (ton)

212.430 4 212.430

212.430 5 157.400

212.430

Beam Loading (KN/m

Beam DL LL

Bl 20.49 1.31

B2 15.64 0.53
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A.1.6 F557B

280m 280m 280m 2.80m
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C1 C3 C5 Cr7| C7 C5 C3 C1
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C1 C3 C5 C7| C7 C5 C3 C1
Bl Bl Bl Bl Bl Bl Bl

C1 C3 C5 cry Cv C5 C3 C1
Bl Bl Bl Bl Bl Bl Bl

C1 C3 C5 C7| C7 C5 C3 C1
Bl Bl Bl Bl Bl Bl Bl

C1 C2 C4 C6] Cé6 C4 C2 C1

7 L 77 Lr ATy 7 s 77

420m 3.50m 4.20m 2.60m 4.20m 3.50m 4.20m

Figure A.1.6 Frame F557B

BEAM B1

b =200 mm
h =600 mm

clear cover =50 mm

-«

4000 mm? «*

2500 mm?

P

COLUMN C1 (25x70)

Area = 1125 mm?

2

e o o
£
£
o

° e |S
o
~
I

e o o]|F

b =250.0 mm

clear cover =50 mm

.

clear cover =50 mm
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COLUMN C2 (40x70)

BEAM B2

b
h

=200 mm
=600 mm

......... ®....Jl.
> 2500 mm?
=
» 1500 mm?
......... PR R
b

Area = 1330 mm?

clear cover =50 mm

2

o o Vo
o [ J
[ J ® O
b =400.0 mm

700.0 mm

h =



COLUMN C3 (30x70) COLUMN C4 (40x60)

Area = 1330 mm?

Area = 1370 mm?

e o Vo e o Vo
IS e
IS S
o o

[ ] ® |c [ } o |o
2 3
I I

e o o|” e o o|°

b =300.0 mm b =400.0 mm

clear cover =50 mm clear cover =50 mm

COLUMN C5 (25x70)

Area = 1330 mm?

e o o
£
=
o

° e |S
o
O
I

e o o]|F

b =250.0 mm

clear cover =50 mm

COLUMN C6 (70x40) COLUMN C7 (70x30)
Area = 2370 mm? Area = 2370 mm?
° e et ° e e
o
o
o
b
° ° ofl ° ° °
b =700.0 mm b =700.0 mm

clear cover =50 mm clear cover =50 mm
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Material Properties

Unconfined Concrete Properties

Section

f. (MPa)

€co

feu (MPa)

Ecu

All

20.000

0.002

0.001

0.0075

Confined

Concrete Properties

Section

fec (MPQ)

€coc

feuc (MPa)

Ecuc

Bl

27.917

0.0028

5.583

0.029

B2

27.917

0.0028

5.583

0.029

Cl

29.082

0.0029

5.816

0.038

Cc2

24.224

0.0024

4.845

0.027

C3

25.525

0.0026

5.105

0.028

C4

25.819

0.0026

5.164

0.035

C5

29.659

0.003

5.932

0.040

C6

24.352

0.0024

4.870

0.028

C7

25.704

0.0026

5.141

0.029

Reinforc

ing Steel Properties

Section

f, (MPa)

fyw (MPa)

Hardening
Ratio

E (MPa)

All

420.000

420.000

0.005

200000

Modal Properties

Ti(s)

0.659

T4 (S)

0.127

T, (s)

0.219

Ts5(s)

0.101

T3 (S)

0.15

Story Masses

Story

Mass (ton

Story

Mass (ton)

150.810

4

148.080

148.080

5

174.070

148.080

Beam Loading (KN/m

Beam

DL

LL

B1 (L=4.20 m)

16.84

4.1

B1 (L=3.50 m)

22.79

4.4

B1 (L=4.20 m)

22.02

5.4

B1 (L=2.60 m)

24.01

6.43

B2 (L=4.20 m)

16.32

3.16

B2 (L=3.50 m)

17.3

3.3

B2 (L=4.20 m)

20.56

4.05

B2 (L=2.60 m)

19.06

3.71
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A.1.7 F8S3B
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N
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Figure A.1.7 Frame F8S3B
BEAM B1 BEAM B2 BEAM B3
b =500 mm b =400 mm b =300 mm
h =900 mm h =750 mm h =600 mm
clear cover =50 mm clear cover =50 mm clear cover =50 mm
i ® IO o @] ,
5400 mm? 4 4500 mm? < > 1800 mm?
ey .C
4800 mm? . 3600 mm? - #1125 mm?
RELLTEY NN . RECLTYY SN ,’ .............. ~
b b
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COLUMN C1

Area =510 mm?

COLUMN C2

Area =510 mm?

® 6 6 o o o o o .\. [ ] [ ] [ ] [ ] [ ] [ ) .\.
[ ] [ ] ° °
[ ] [ ] E ° °
° ° IS
° ) 8 [ ] [ ]
° ° ad ° °
[ ] L] 1
[ ] [ ]
° ° <~
° ° [ ] [ ]
e o o e © o o o o o [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ]
b =1100 mm b =1000 mm
clear cover =50 mm clear cover =50 mm
COLUMN C3
Area = 510 mm?
° ° ° ° o\o
[ ] [ ]
€
[ ] [ ] E
o
N
° ° ‘IJI’
e
[ ] [ ]
[ ] [ ] [ ] [ ] [ ] [ ]
b =920 mm

clear cover =50 mm

Material Properties
Unconfined Concrete Properties
Section | f; (MPa) €¢0 fou (MPa) €cu
All 28.000 0.002 0.001 0.0054
Confined Concrete Properties
Section | f.. (MPa) €coc feue (MPa) €cuc
Bl 30.704 0.0022 6.141 0.019
B2 31.513 0.0023 6.303 0.02
B3 33.047 0.0024 6.609 0.023
C1l 33.880 0.0024 6.776 0.053
Cc2 35.008 0.0025 7.002 0.059
C3 38.367 0.0027 7.673 0.082
Reinforcing Steel Properties
Section | f, (MPa) | f,, (MPa) | "M | & vpg)
atio
All 459.000 | 459.000 0.005 200000
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Modal Properties

T, (S) 1.203 Ts (S) 0.262
T, (S) 0.481 Te (S) 0.252
T3 (S) 0.414 T7(S) 0.218
T4 (S) 0.281 Tg (S) 0.2
Story Masses
Story [Mass (ton) Story |Mass (ton)
1 230.450 5 230.450
2 230.450 6 230.450
3 230.450 7 230.450
4 230.450 8 202.920
Beam Loading (kN/m
Beam DL LL
Bl 18.64 1.21
B2 18.64 1.21
B3 14.55 0.49
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A.2 NONLINEAR TIME HISTORY ANALYSIS RESULTS

Table A.2.1 Nonlinear Time History Results of Frame ‘F2S2B’

EQ V (kN) A(m) | MIDR (%) EQ V (kN) A(m) | MIDR (%)
1 36.24 0.002 0.029 51 978.80 0.085 1.272
2 38.45 0.002 0.035 52 1171.65 0.152 2.335
3 183.95 0.012 0.168 53 611.19 0.049 0.810
4 72.30 0.004 0.070 54 1085.10 0.111 1.631
5 165.23 0.010 0.146 55 999.73 0.082 1.230
6 244.50 0.016 0.272 56 1289.05 0.192 2.542
7 398.50 0.027 0.398 57 910.80 0.065 0.949
8 508.84 0.034 0.494 58 1196.33 0.157 2.295
9 801.53 0.066 0.993 59 1385.29 0.198 2.541
10 726.50 0.060 0.898 60 907.69 0.059 0.921
11 408.20 0.027 0.388 61 856.20 0.064 0.970
12 593.89 0.040 0.571 62 1141.75 0.168 2.344
13 768.73 0.059 0.849 63 1162.26 0.140 1.918
14 857.24 0.065 0.927 64 1106.93 0.119 1.828
15 233.46 0.015 0.229 65 614.21 0.050 0.796
16 504.34 0.036 0.526 66 1124.05 0.142 2.178
17 513.72 0.035 0.516 67 1205.27 0.165 2.377
18 663.81 0.049 0.732 68 1053.49 0.109 1.693
19 772.82 0.057 0.802 69 1268.47 0.190 2.528
20 828.67 0.066 0.956 70 1210.67 0.185 2.479
21 795.74 0.063 0.920 71 1098.10 0.122 1.898
22 902.02 0.074 1.110 72 999.66 0.094 1.490
23 534.76 0.040 0.583 73 1376.29 0.202 2.648
24 340.12 0.023 0.341 74 1082.00 0.149 2.255
25 688.27 0.053 0.846 75 1193.00 0.183 2.483
26 978.58 0.090 1.397 76 940.38 0.074 1.166
27 847.79 0.083 1.297 77 1429.80 0.542 9.497
28 802.03 0.062 0.891 78 1320.92 0.171 2.267
29 1009.27 0.099 1.490 79 1162.40 0.173 2.574
30 210.67 0.014 0.271 80 1297.68 0.232 3.219
31 977.42 0.097 1.480 81 1389.88 0.460 6.218
32 880.58 0.085 1.311 82 1258.38 0.214 2.841
33 586.00 0.049 0.739 83 1238.22 0.216 2.943
34 760.67 0.060 0.877 84 1222.69 0.120 1.961
35 543.56 0.038 0.575 85 1310.65 0.169 2.372
36 944.56 0.091 1.388 86 1074.00 0.108 1.631
37 1161.05 0.116 1.788 87 1203.23 0.219 3.082
38 906.63 0.074 1.140 88 NC NC NC
39 397.67 0.041 0.688 89 1200.53 0.162 2.438
40 939.46 0.075 1.111 90 1178.99 0.178 2.722
41 1047.95 0.096 1.490 91 1237.14 | 0.314 4.129
42 916.08 0.082 1.245 92 1152.09 0.118 1.945
43 1072.95 0.135 1.996 93 1637.01 0.298 7.299
44 885.20 0.078 1.191 94 1296.71 0.297 4.197
45 1074.81 0.113 1.653 95 1363.37 0.213 2.817
46 570.82 0.054 0.850 96 1225.93 0.160 2.624
47 699.33 0.047 0.760 97 1223.80 0.142 2.361
48 805.09 0.067 1.016 98 124457 0.159 2.453
49 867.77 0.081 1.257 99 1183.42 0.242 3.642
50 1108.31 0.125 1.840 100 1486.65 0.207 2.868

V : Maximum Base Shear
A . Maximum Roof Displacement

MIDR : Maximum Inter-Story Drift Ratio
- Non-Convergence

NC
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Table A.2.2 Nonlinear Time History Results of Frame ‘F2S2B2’

EQ V (kN) A (m) | MIDR (%) EQ V (kN) A(m) | MIDR (%)
1 23.28 0.001 0.014 51 792.36 0.031 0.584
2 39.99 0.001 0.024 52 808.06 0.031 0.578
3 71.04 0.002 0.043 53 1088.33 0.048 0.889
4 114.44 0.004 0.075 54 1168.48 0.057 1.050
5 120.01 0.004 0.085 55 906.69 0.036 0.678
6 452.60 0.018 0.346 56 814.92 0.031 0.591
7 380.31 0.014 0.256 57 720.40 0.030 0.579
8 306.40 0.012 0.229 58 1046.57 0.046 0.882
9 338.89 0.012 0.234 59 914.03 0.036 0.671
10 488.58 0.019 0.359 60 679.52 0.028 0.538
11 286.28 0.010 0.183 61 795.61 0.031 0.607
12 347.59 0.013 0.234 62 1345.72 0.080 1.363
13 368.20 0.014 0.272 63 888.28 0.037 0.703
14 538.27 0.020 0.378 64 991.20 0.039 0.713
15 247.49 0.010 0.195 65 1226.60 0.070 1.205
16 297.54 0.010 0.182 66 1288.11 0.077 1.337
17 546.06 0.021 0.399 67 983.28 0.040 0.742
18 201.38 0.008 0.158 68 1163.99 0.066 1.183
19 543.27 0.021 0.390 69 1214.42 0.067 1.184
20 350.00 0.012 0.230 70 1141.30 0.058 1.108
21 927.11 0.038 0.718 71 1100.33 0.048 0.893
22 617.15 0.024 0.448 72 853.37 0.035 0.656
23 706.78 0.029 0.554 73 1196.97 0.056 1.008
24 538.15 0.020 0.376 74 1279.26 0.068 1.254
25 516.98 0.020 0.389 75 1048.73 0.053 1.027
26 647.34 0.025 0.471 76 1075.59 0.045 0.836
27 825.10 0.032 0.602 77 1064.19 0.042 0.763
28 665.75 0.026 0.488 78 1221.40 0.066 1.191
29 547.78 0.021 0.394 79 1057.91 0.047 0.901
30 669.58 0.027 0.514 80 1335.95 0.071 1.247
31 642.74 0.025 0.460 81 1271.51 0.070 1.218
32 862.43 0.035 0.679 82 1176.23 0.049 0.865
33 829.93 0.034 0.647 83 1243.29 0.080 1.341
34 687.25 0.027 0.519 84 1239.80 0.080 1.428
35 566.63 0.022 0.425 85 1291.20 0.072 1.240
36 995.15 0.041 0.772 86 1047.84 0.045 0.834
37 557.92 0.021 0.392 87 1212.01 0.049 0.877
38 979.46 0.041 0.767 88 1186.31 0.06 1.02
39 1002.13 0.046 0.894 89 1372.74 0.094 1.588
40 846.80 0.033 0.609 90 1269.03 0.076 1.334
41 684.58 0.026 0.503 91 1208.67 0.055 0.983
42 914.89 0.038 0.714 92 1179.09 0.072 1.358
43 602.16 0.023 0.428 93 1285.09 0.080 1.391
44 830.46 0.033 0.614 94 1454.88 0.137 2.346
45 708.40 0.027 0.512 95 1281.76 0.087 1.558
46 931.86 0.039 0.738 96 1373.80 0.105 1.759
47 771.01 0.033 0.647 97 1374.35 0.097 1.634
48 1000.21 0.044 0.852 98 1234.43 0.079 1.418
49 1085.81 0.046 0.861 99 1220.92 0.080 1.453
50 758.29 0.029 0.540 100 1400.10 0.169 2.854

\Y : Maximum Base Shear

A : Maximum Roof Displacement

MIDR : Maximum Inter-Story Drift Ratio

NC : Non-Convergence
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Table A.2.3 Nonlinear Time History Results of Frame ‘F3S2B’

96

EQ V (kN) A (m) | MIDR (%) EQ V (kN) A(m) | MIDR (%)
1 33.57 0.001 0.019 51 1066.37 0.077 1.063
2 41.37 0.002 0.028 52 1296.88 0.121 1.573
3 128.68 0.007 0.094 53 706.22 0.047 0.656
4 100.95 0.005 0.069 54 1255.34 0.093 1.245
5 105.41 0.006 0.084 55 1088.94 0.071 0.977
6 281.78 0.016 0.214 56 1374.16 0.133 1.703
7 404.58 0.022 0.303 57 871.47 0.059 0.821
8 393.57 0.023 0.316 58 1275.90 0.124 1.616
9 538.20 0.032 0.436 59 1185.95 0.078 1.068
10 465.75 0.028 0.392 60 745.42 0.046 0.639
11 342.00 0.019 0.264 61 830.01 0.053 0.724
12 423.34 0.023 0.324 62 1152.33 0.084 1.153
13 546.95 0.033 0.452 63 1112.13 0.078 1.073
14 801.82 0.049 0.685 64 1104.49 0.074 1.027
15 249.34 0.013 0.185 65 916.18 0.082 1.134
16 550.11 0.032 0.449 66 1327.33 0.145 1.822
17 829.64 0.052 0.721 67 1273.86 0.109 1.433
18 533.69 0.029 0.402 68 1244.78 0.111 1.457
19 908.29 0.057 0.795 69 1313.11 0.109 1.420
20 805.01 0.048 0.665 70 1351.56 0.101 1.336
21 937.09 0.060 0.830 71 1140.45 0.088 1.209
22 922.03 0.057 0.788 72 1107.46 0.072 0.999
23 466.76 0.026 0.365 73 1262.43 0.121 1.585
24 361.50 0.022 0.303 74 1264.80 0.140 1.805
25 729.14 0.044 0.617 75 1398.44 0.135 1.728
26 1124.82 0.085 1.161 76 972.87 0.071 0.982
27 883.37 0.067 0.930 77 1231.08 0.078 1.066
28 817.28 0.048 0.657 78 1389.46 0.146 1.866
29 916.31 0.056 0.777 79 1321.13 0.137 1.760
30 310.75 0.020 0.284 80 1570.40 0.232 2.840
31 799.60 0.048 0.662 81 1464.85 0.164 2.072
32 1061.71 0.075 1.032 82 1346.85 0.222 2.688
33 784.75 0.057 0.798 83 1508.51 0.263 3.185
34 786.47 0.045 0.629 84 1180.81 0.105 1.408
35 805.69 0.047 0.651 85 1340.12 0.153 1.869
36 910.45 0.069 0.955 86 1096.25 0.073 1.023
37 1013.58 0.065 0.899 87 1424.82 0.163 2.063
38 864.66 0.057 0.786 88 1410.11 0.19 2.40
39 728.52 0.058 0.812 89 1396.07 0.176 2.212
40 1179.88 0.083 1.138 90 1387.51 0.140 1.785
41 1119.65 0.085 1.165 91 1458.20 0.199 2.450
42 1128.94 0.093 1.260 92 1192.00 0.119 1.561
43 1197.05 0.087 1.187 93 1495.66 0.146 1.839
44 971.89 0.062 0.863 94 1603.11 0.352 4.197
45 1011.82 0.068 0.940 95 1381.29 0.140 1.721
46 931.66 0.065 0.903 96 1365.12 0.133 1.754
47 817.86 0.053 0.733 97 1324.87 0.179 2.248
48 1159.64 0.090 1.212 98 1380.60 0.181 2.288
49 1069.47 0.080 1.104 99 1560.18 0.242 2.947
50 1152.64 0.075 1.028 100 1489.12 0.312 3.839

\Y : Maximum Base Shear

A : Maximum Roof Displacement

MIDR : Maximum Inter-Story Drift Ratio

NC : Non-Convergence




Table A.2.4 Nonlinear Time History Results of Frame ‘F5S2B’
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EQ V (kN) A (m) | MIDR (%) EQ V (kN) A(m) | MIDR (%)
1 25.55 0.002 0.016 51 810.07 0.154 1.596
2 31.62 0.003 0.027 52 760.46 0.161 1.548
3 155.26 0.015 0.132 53 461.82 0.061 0.534
4 68.95 0.006 0.053 54 NC NC NC
5 148.85 0.013 0.110 55 737.99 0.098 0.850
6 134.66 0.012 0.115 56 739.85 0.267 5.421
7 329.58 0.036 0.338 57 614.24 0.081 0.722
8 453.08 0.056 0.500 58 778.59 0.162 1.656
9 363.57 0.046 0.402 59 898.08 0.359 4.363
10 248.65 0.033 0.288 60 751.56 0.099 0.940
11 236.52 0.025 0.220 61 716.30 0.106 0.986
12 442.45 0.055 0.491 62 750.88 0.153 1.482
13 718.51 0.098 0.892 63 797.40 0.206 2171
14 791.81 0.115 1.139 64 826.49 0.146 1.497
15 151.74 0.014 0.120 65 532.78 0.086 0.761
16 343.69 0.042 0.383 66 770.08 0.152 1.479
17 570.30 0.072 0.646 67 809.18 0.202 2.201
18 324.73 0.037 0.324 68 746.24 0.131 1.261
19 742.31 0.120 1.119 69 855.03 0.182 2.024
20 855.11 0.150 1.608 70 862.53 0.252 2.797
21 576.83 0.072 0.644 71 696.66 0.102 0.920
22 743.13 0.093 0.869 72 796.02 0.111 1.076
23 381.19 0.045 0.407 73 855.82 0.219 2.336
24 218.81 0.023 0.204 74 796.32 0.140 1.374
25 603.44 0.069 0.651 75 826.54 0.234 2.500
26 770.24 0.116 1.122 76 810.26 0.119 1.215
27 600.93 0.078 0.673 77 916.71 0.728 7.923
28 782.93 0.122 1.215 78 883.35 0.176 2.045
29 775.44 0.117 1.142 79 746.24 0.152 1.488
30 152.59 0.018 0.153 80 783.94 0.336 3.344
31 693.13 0.082 0.773 81 NC NC NC
32 672.52 0.078 0.720 82 782.19 0.306 3.466
33 337.24 0.046 0.416 83 767.52 0.229 2.354
34 437.81 0.048 0.445 84 790.03 0.123 1.190
35 662.69 0.093 0.818 85 865.94 0.221 2.421
36 504.70 0.063 0.561 86 839.42 0.187 2.010
37 776.66 0.161 1.765 87 850.02 0.289 2.416
38 748.79 0.107 0.997 88 815.53 0.20 2.10
39 360.44 0.032 0.359 89 902.91 0.241 3.039
40 760.11 0.106 1.000 90 754.26 0.167 1.605
41 734.19 0.140 1.289 91 815.41 0.342 3.635
42 460.37 0.070 0.609 92 849.62 0.160 1.718
43 790.87 0.143 1.443 93 883.28 0.301 3.457
44 797.80 0.146 1.501 94 788.56 0.258 2.615
45 802.79 0.127 1.291 95 879.95 0.253 2.686
46 347.13 0.041 0.358 96 795.68 0.172 1.611
47 675.01 0.086 0.792 97 811.34 0.121 1.155
48 752.46 0.097 0.888 98 828.77 0.179 1.756
49 715.92 0.120 1.103 99 840.77 0.200 2.207
50 859.15 0.162 1.714 100 810.96 0.280 6.419

\Y : Maximum Base Shear

A : Maximum Roof Displacement

MIDR : Maximum Inter-Story Drift Ratio

NC : Non-Convergence




Table A.2.5 Nonlinear Time History Results of Frame ‘F5S4B’
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EQ V (kN) A (m) | MIDR (%) EQ V (kN) A(m) | MIDR (%)
1 124.99 0.005 0.033 51 3373.82 0.211 1.550
2 163.52 0.006 0.040 52 3116.47 0.182 1.257
3 490.47 0.022 0.140 53 2022.99 0.088 0.577
4 238.49 0.009 0.058 54 3320.32 0.237 1.724
5 313.78 0.013 0.080 55 3110.88 0.158 1.087
6 366.47 0.013 0.102 56 3579.28 0.258 1.927
7 721.75 0.033 0.212 57 2784.09 0.149 1.020
8 1381.58 0.066 0.443 58 3393.53 0.209 1.528
9 1520.12 0.082 0.528 59 3943.35 0.430 3.219
10 701.02 0.037 0.238 60 2301.41 0.123 0.794
11 880.01 0.037 0.253 61 3053.80 0.147 1.004
12 1797.30 0.085 0.581 62 3102.38 0.153 1.071
13 2468.96 0.128 0.846 63 3309.03 0.280 1.965
14 2868.41 0.153 1.051 64 3042.21 0.161 1.085
15 698.00 0.030 0.203 65 2811.90 0.116 0.768
16 1221.43 0.051 0.357 66 2863.79 0.175 1.222
17 1897.86 0.098 0.654 67 3214.54 0.255 1.837
18 771.17 0.039 0.257 68 3311.79 0.203 1.465
19 2440.39 0.128 0.852 69 3740.70 0.271 1.917
20 3591.12 0.233 1.737 70 3761.34 0.299 2.230
21 2188.97 0.098 0.665 71 1787.35 0.099 0.660
22 3031.96 0.162 1.146 72 3475.70 0.206 1.469
23 1465.98 0.069 0.467 73 3717.68 0.246 1.879
24 1172.14 0.049 0.343 74 3658.31 0.191 1.356
25 1782.08 0.084 0.571 75 3048.15 0.263 1.820
26 2861.24 0.143 0.986 76 3224.93 0.147 0.983
27 2178.04 0.106 0.693 77 3844.41 0.513 3.656
28 3415.26 0.195 1.373 78 3761.03 0.230 1.748
29 2914.01 0.167 1.171 79 2397.90 0.188 1.312
30 573.87 0.011 0.129 80 3595.29 0.389 2.666
31 2740.49 0.142 0.979 81 3698.16 0.695 4.516
32 2445.04 0.118 0.810 82 3459.33 0.329 2.300
33 994.83 0.039 0.293 83 3242.10 0.241 1.754
34 2410.92 0.117 0.793 84 2703.54 0.163 1.098
35 1421.61 0.070 0.464 85 3512.86 0.291 2.042
36 1825.58 0.097 0.638 86 3202.42 0.237 1.711
37 3323.27 0.216 1.565 87 3601.51 0.263 1.941
38 2887.27 0.159 1.102 88 3869.50 0.30 2.19
39 1268.35 0.026 0.335 89 4144.83 0.286 2.160
40 3139.68 0.171 1.198 90 3176.78 0.215 1.496
41 2428.04 0.122 0.803 91 3578.07 0.393 2.705
42 1062.48 0.059 0.398 92 3300.56 0.192 1.382
43 2692.77 0.140 0.963 93 3544.77 0.315 2.173
44 3223.66 0.245 1.713 94 3850.06 0.367 2.558
45 3154.14 0.177 1.251 95 3893.19 0.372 2.713
46 1272.90 0.041 0.297 96 3181.32 0.208 1.493
47 2714.71 0.119 0.778 97 3742.09 0.189 1.318
48 2978.48 0.125 0.900 98 3288.00 0.256 1.829
49 2580.58 0.156 1.028 99 3466.58 0.238 1.728
50 3253.42 0.181 1.357 100 3784.12 0.274 2.063

\Y : Maximum Base Shear

A : Maximum Roof Displacement

MIDR : Maximum Inter-Story Drift Ratio

NC : Non-Convergence




Table A.2.6 Nonlinear Time History Results of Frame ‘F5S7B’
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EQ V (kN) A (m) | MIDR (%) EQ V (kN) A(m) | MIDR (%)
1 74.97 0.002 0.018 51 3026.34 0.120 1.240
2 77.07 0.002 0.019 52 2876.44 0.159 1.662
3 471.24 0.013 0.120 53 1458.64 0.051 0.487
4 246.77 0.006 0.057 54 3183.84 0.122 1.277
5 485.19 0.013 0.123 55 2502.27 0.079 0.839
6 656.16 0.016 0.154 56 3092.60 0.229 2.499
7 1082.10 0.034 0.316 57 2042.31 0.068 0.672
8 1126.69 0.033 0.312 58 NC NC NC
9 1615.76 0.056 0.516 59 3464.15 0.223 2.819
10 1353.58 0.050 0.448 60 2301.03 0.083 0.816
11 964.95 0.029 0.270 61 2431.65 0.069 0.673
12 1385.46 0.043 0.406 62 3015.14 0.168 1.795
13 2104.10 0.064 0.646 63 3473.29 0.211 4.550
14 2420.96 0.076 0.761 64 2940.03 0.123 1.244
15 537.99 0.015 0.142 65 1518.14 0.056 0.517
16 1192.20 0.037 0.336 66 2930.41 0.130 1.323
17 1481.60 0.037 0.371 67 3183.49 0.179 1.888
18 1396.39 0.047 0.430 68 2850.93 0.121 1.177
19 2565.55 0.089 0.894 69 3232.20 0.195 2.026
20 2651.16 0.086 0.867 70 3320.10 0.207 2.301
21 2135.21 0.073 0.700 71 2530.84 0.114 1.140
22 2408.91 0.083 0.827 72 2468.70 0.089 0.852
23 1239.58 0.041 0.378 73 NC NC NC
24 832.63 0.024 0.228 74 2967.98 0.158 1.627
25 1577.29 0.046 0.450 75 3203.62 0.205 4.706
26 2896.31 0.110 1.109 76 2705.46 0.109 1.096
27 2024.39 0.081 0.748 77 3283.98 0.370 5.382
28 2289.41 0.069 0.694 78 2990.78 0.194 2.119
29 2436.32 0.087 0.861 79 2951.29 0.187 2.050
30 577.92 0.018 0.161 80 NC NC NC
31 3008.16 0.115 1.215 81 NC NC NC
32 2590.39 0.090 0.909 82 NC NC NC
33 1375.45 0.049 0.448 83 3059.42 0.214 2.297
34 1540.24 0.046 0.434 84 3183.53 0.111 1.122
35 1831.68 0.062 0.591 85 3144.56 0.186 1.891
36 2122.64 0.073 0.708 86 3121.22 0.139 1.783
37 3138.30 0.128 1.372 87 NC NC NC
38 2476.06 0.090 0.897 88 3300.04 0.20 2.21
39 968.07 0.037 0.367 89 2902.63 0.200 2.772
40 2459.76 0.087 0.862 90 3201.67 0.182 1.892
41 2956.84 0.132 1.319 91 NC NC NC
42 2019.85 0.079 0.749 92 3266.16 0.136 1.431
43 3113.67 0.145 1.543 93 3381.59 0.284 3.360
44 2694.91 0.100 1.026 94 NC NC NC
45 3033.14 0.117 1.243 95 3278.57 0.190 2.108
46 1077.52 0.046 0.403 96 3201.47 0.158 1.600
47 1542.00 0.046 0.439 97 3049.22 0.138 1.436
48 2215.75 0.071 0.674 98 3263.06 0.180 1.969
49 2129.46 0.079 0.749 99 NC NC NC
50 3051.84 0.152 1.622 100 3535.19 0.191 2.262

\Y : Maximum Base Shear

A : Maximum Roof Displacement

MIDR : Maximum Inter-Story Drift Ratio

NC : Non-Convergence




Table A.2.7 Nonlinear Time History Results of Frame ‘F8S3B’
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EQ V (kN) A (m) | MIDR (%) EQ V (kN) A(m) | MIDR (%)
1 118.13 0.005 0.022 51 4600.50 0.281 1.231
2 100.94 0.004 0.019 52 4598.02 0.241 1.210
3 501.60 0.028 0.115 53 3304.80 0.148 0.591
4 257.42 0.007 0.037 54 3869.35 0.232 0.950
5 309.41 0.013 0.058 55 3693.61 0.240 1.085
6 617.96 0.023 0.138 56 4098.09 0.333 1.660
7 974.15 0.048 0.230 57 3780.23 0.207 0.829
8 1775.67 0.087 0.345 58 3808.10 0.310 1.473
9 2569.86 0.135 0.545 59 4476.82 0.643 2.515
10 829.65 0.050 0.241 60 1852.23 0.104 0.450
11 1077.32 0.043 0.166 61 3611.02 0.202 0.794
12 2654.56 0.138 0.540 62 3775.11 0.204 0.883
13 1045.11 0.072 0.334 63 4267.58 0.268 1.314
14 3445.02 0.170 0.678 64 4462.81 0.368 1.544
15 834.08 0.045 0.182 65 4013.92 0.160 0.694
16 2582.02 0.106 0.416 66 4084.59 0.242 1.342
17 2533.61 0.164 0.662 67 4633.17 0.252 1.233
18 1185.04 0.053 0.232 68 4617.02 0.332 1.458
19 3376.85 0.195 0.753 69 4427.92 0.328 1.533
20 4379.30 0.425 1.807 70 4450.23 0.325 1.383
21 3062.67 0.162 0.654 71 3014.36 0.147 0.721
22 3906.16 0.191 0.781 72 3745.57 0.293 1.441
23 1357.01 0.076 0.298 73 3937.03 0.477 2.107
24 1353.92 0.062 0.251 74 3527.50 0.181 1.079
25 2676.81 0.166 0.704 75 3960.46 0.285 1.607
26 3589.40 0.220 1.032 76 3313.95 0.187 0.863
27 3148.03 0.147 0.571 77 NC NC NC
28 4166.46 0.382 1.755 78 4773.08 0.295 1.361
29 3961.45 0.372 1.701 79 2916.48 0.184 0.996
30 652.40 0.013 0.148 80 4750.06 0.346 1.966
31 3747.38 0.177 0.706 81 4903.73 0.648 3.826
32 3617.15 0.265 1.313 82 NC NC NC
33 1125.96 0.041 0.321 83 3705.77 0.268 1.705
34 1941.66 0.106 0.462 84 3562.31 0.182 1.024
35 2866.72 0.131 0.556 85 4642.77 0.231 1.330
36 2840.09 0.146 0.614 86 3334.67 0.281 1.363
37 3946.81 0.281 1.256 87 4867.80 0.390 1.886
38 3226.28 0.175 0.798 88 4652.91 0.38 1.62
39 1276.43 0.027 0.321 89 4504.00 0.323 1.556
40 4446.53 0.475 1.991 90 4571.48 0.270 1.167
41 3164.67 0.246 1.145 91 4580.67 0.450 2.462
42 2511.33 0.076 0.582 92 4463.28 0.256 1.208
43 3501.72 0.264 1.229 93 3777.39 0.242 1.423
44 4005.05 0.268 1.247 94 5241.55 0.436 2.003
45 3890.26 0.276 1.159 95 4353.65 0.411 1.899
46 1501.01 0.061 0.396 96 3817.77 0.194 1.090
47 3770.46 0.192 0.760 97 5031.11 0.341 1.507
48 4465.53 0.211 0.836 98 5309.55 0.507 2.386
49 3721.53 0.174 0.704 99 4743.19 0.294 1.657
50 3668.73 0.272 1.167 100 NC NC NC

\Y : Maximum Base Shear

A : Maximum Roof Displacement

MIDR : Maximum Inter-Story Drift Ratio

NC : Non-Convergence




A.3 EQUIVALENT SDOF ANALYSIS RESULTS

Table A.3.1 Results of SDOF Analyses of Frame ‘F2S2B’ (MULT] Idealization Method)

MULTI MULTI
EQ pumoeti | Rvoen | V(kN) | A (m) NELIZ)R EQ Pmoet | Rvoer | V(KN) | A (m) NELZ)R
1 [0.041[0.041] 39.22 [ 0.002 | 0.035 51 | 1.256 [ 1.013 | 822.96 | 0.069 | 1.024
2 [0.041[0.041] 39.34 | 0.002 | 0.035 52 | 2.921 [ 3.257 [ 1167.97| 0.161 | 2.195
3 | 0.198 ] 0.228] 160.33 | 0.011 [ 0.162 53 | 0.810 [ 0.779 | 607.61 | 0.045 | 0.649
4 | 0.082]0.082] 73.60 | 0.005 | 0.069 54 | 1.863 | 1.523 | 1040.77] 0.102 | 1.523
5 | 0.191]0.193] 15553 | 0.011 | 0.157 55 | 1.445 [ 1.510 | 900.18 | 0.079 [ 1.186
6 | 0.278 [ 0.297 | 226.79 | 0.015 | 0.225 56 | 3.460 | 2.367 | 1205.05] 0.190 | 2.543
7 [ 0.460 [ 0.499 | 372.92 | 0.025 | 0.369 57 | 1.072 [ 1.200 | 744.09 | 0.059 | 0.865
8 | 0.536 [ 0.515 | 432.38 | 0.029 | 0.430 58 | 2.735 [ 2.633 | 1149.81] 0.150 | 2.080
9 | 1.088] 1.061] 751.02 | 0.060 | 0.879 59 | 3.261 [ 1.909 | 1196.90] 0.179 | 2.412
10 | 0.932] 0.863 | 677.05 | 0.051 | 0.747 60 | 0.971 [ 0.915 | 698.39 | 0.053 [ 0.779
11 [ 0.407 [ 0.373| 331.62 | 0.022 | 0.327 61 | 0.884 | 0.845 | 649.70 | 0.049 | 0.708
12 | 0.592 [ 0.632 | 475.98 | 0.033 | 0.475 62 | 2.915 [ 1.911 [ 1167.35] 0.160 | 2.192
13 | 1.057 [ 1.095 | 737.43 | 0.058 | 0.852 63 | 1.864 | 1.249 | 1041.11] 0.103 | 1.524
14 | 0.889 [ 1.005 | 652.37 | 0.049 [ 0.712 64 | 1.971 [ 1.602 [ 1067.20] 0.108 | 1.603
15 | 0.234 [ 0.220 | 189.46 | 0.013 | 0.191 65 | 0.870 [ 0.999 | 641.59 | 0.048 | 0.697
16 | 0.541 [ 0.511 | 436.00 | 0.030 | 0.434 66 | 2.727 | 4.106 | 1149.01| 0.150 | 2.075
17 | 0.667 [ 0.823 | 525.37 | 0.037 | 0.535 67 | 2.762 [ 3.172 [ 1152.73] 0.152 | 2.097
18 | 0.709 [ 0.678 | 549.34 | 0.039 | 0.568 68 | 1.969 | 2.659 | 1066.81| 0.108 | 1.602
19 | 0.901 [ 1.037 | 659.44 | 0.050 | 0.722 69 | 3.179 [ 3.343 [ 1192.20] 0.175 | 2.359
20 | 1.117 [ 0.958 | 763.64 | 0.061 | 0.904 70 | 3.421 | 2.376 | 1203.54 | 0.188 | 2.517
21 [ 0.881 [ 0.990 | 648.12 | 0.048 | 0.706 71 | 2.047 [ 2.384 [ 1081.86 0.113 | 1.656
22 | 1.304 [ 1.319 | 843.28 | 0.072 | 1.066 72 | 1.633 [ 1.725 | 970.74 | 0.090 | 1.343
23 [ 0.745 [ 0.653 | 570.08 | 0.041 | 0.597 73 | 3.422 [ 2.582 [ 1203.58| 0.188 | 2.518
24 | 0.418 [ 0.440 | 340.41 | 0.023 | 0.336 74 | 2.516 | 2.995 [ 1128.07 | 0.138 | 1.945
25 [ 0.858 | 1.087 | 634.86 | 0.047 | 0.688 75 | 3.035 [ 2.701 [ 1180.48] 0.167 | 2.267
26 | 1.561 [ 1.736 | 944.46 | 0.086 | 1.283 76 | 1.313[1.194 | 846.95 | 0.072 | 1.074
27 [ 147711439 ] 91257 [ 0.081 | 1.213 77 | 4.870 [ 1.898 | 1193.37 | 0.268 | 3.530
28 [ 1.034 [ 1.303 [ 727.24 | 0.057 [ 0.832 78 | 2.840 [ 2.715 [ 1160.35| 0.156 | 2.146
29 | 1.639 [ 1.380 | 972.82 | 0.090 | 1.348 79 | 3.264 | 3.623 [ 1197.02] 0.179 | 2.413
30 [ 0.241 [ 0.261 [ 19557 | 0.013 [ 0.196 80 | 4.517 | 5.326 [ 1198.68| 0.248 | 3.279
31 | 1.281 [ 0.953 | 833.80 | 0.070 [ 1.047 81 [ 5.012 | 3.309 [ 1190.65| 0.276 | 3.631
32 | 1.467 [ 2.032 [ 908.70 | 0.081 | 1.205 82 | 4.149 ] 3.801 [ 1211.18] 0.228 | 3.020
33 [ 0.870 [ 0.872 | 641.58 | 0.048 | 0.697 83 [ 3.957 | 4.527 [ 1214.13] 0.218 | 2.883
34 [ 0.973 [ 1.165 | 699.12 | 0.053 | 0.780 84 | 2.102 | 2.397 [ 1091.15] 0.116 | 1.693
35 | 0.818 [ 0.969 | 611.85 | 0.045 | 0.655 85 [ 2.970 | 4.469 [ 1173.46] 0.163 | 2.226
36 | 1.437 [ 1.562 | 896.75 | 0.079 | 1.179 86 | 1.783 | 1.373 [ 1017.71] 0.098 | 1.461
37 | 1.908 [ 1.942 [ 1052.54] 0.105 | 1.557 87 | 4.250 | 4.766 | 1207.11] 0.234 | 3.092
38 | 1.277 [ 1.189 | 832.22 | 0.070 | 1.043 88 | NC | NC NC NC NC
39 [ 0.723 [ 0.816 | 557.56 | 0.040 | 0.580 89 [ 2.661 [ 3.137 | 1143.68 0.146 | 2.035
40 | 1.489 [ 1.490 | 917.31 | 0.082 | 1.223 90 | 3.292 [ 3.983 [ 1198.30] 0.181 | 2.432
41 | 1.744 [ 1.979 [ 1006.14] 0.096 | 1.431 91 | 5.533 [ 4.390 | 1184.08 | 0.304 | 3.992
42 | 1.551 [ 2.245 | 940.89 | 0.085 | 1.275 92 | 2.186 [ 2.659 [ 1101.50] 0.120 | 1.747
43 | 2.507 | 2.381 [ 1126.89] 0.138 | 1.939 93 | 4.184 [ 2.973 | 1210.07 | 0.230 | 3.045
44 | 1.494 [ 1.208 | 919.28 | 0.082 | 1.227 94 | 6.056 | 4.398 [ 1184.56 | 0.333 | 4.359
45 | 1.436 | 1.418 | 896.64 | 0.079 [ 1.179 95 [ 3.600 | 2.643 [ 1210.34 | 0.198 | 2.636
46 | 0.981 [ 1.044 [ 703.47 | 0.054 | 0.787 96 | 3.426 | 2.347 [ 1203.73] 0.188 | 2.521
47 | 0.863 [ 0.887 | 637.84 | 0.047 | 0.692 97 | 2.877 [ 4.362 | 1163.44] 0.158 | 2.168
48 [ 0.979 [ 1.192 | 702.57 | 0.054 | 0.786 98 | 3.198 | 2.999 [ 1193.38] 0.176 | 2.371
49 | 1.382 [ 1.761 | 875.13 | 0.076 | 1.133 99 | 4.851 [ 4.123]1193.29] 0.267 | 3.516
50 | 2.053 [ 1.663 | 1083.11] 0.113 | 1.660 100 | 4.443 ] 5.348 [ 1199.25 | 0.244 | 3.228
V : Maximum Base Shear MIDR : Maximum Inter-Story Drift Ratio
A : Maximum Roof Displacement NC :Non-Convergence
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Table A.3.2 Results of SDOF Analyses of Frame ‘F2S2B’

(ATC ldealization Method)
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ATC ATC
0 ware | Rure | vaw | amm | Moot || 0 ware | Rare | v | amm) | V2R
1 [0.041] 0.041| 39.23 | 0.002 | 0.035 51 | 1.013 | 1.013 | 718.07 | 0.074 | 0.814
2 0.041 | 0.041 39.35 0.002 0.035 52 | 2.673 | 3.257 | 1144.77| 0.170 2.043
3 | 0.228 [ 0.228 | 184.59 | 0.013 | 0.186 53 | 0.779 | 0.779 | 589.70 | 0.046 | 0.624
4 [0.082]0.082] 73.61 | 0.007 | 0.069 54 | 1.801 | 1.523 [ 1023.10| 0.098 | 1.475
5 | 0.193 | 0.193 | 156.55 | 0.013 | 0.158 55 | 1.693 | 1.510 | 990.78 | 0.073 | 1.391
6 | 0.296 | 0.296 | 242.07 | 0.017 | 0.240 56 | 3.268 | 2.367 [ 1197.20| 0.202 | 2.416
7 | 0.499 | 0.499 | 404.06 | 0.027 | 0.401 57 | 1.188 | 1.200 | 794.17 | 0.076 | 0.966
8 | 0.515 [ 0.515 | 415.94 | 0.033 | 0.413 58 | 1.979 | 2.634 | 1068.99 | 0.126 | 1.609
9 | 1.064[ 1.062 | 74055 | 0.077 | 0.858 59 | 2.876 | 1.909 [ 1163.36 | 0.173 | 2.167
10 | 0.864 | 0.864 | 638.19 | 0.067 | 0.692 60 | 0.915 | 0.915 | 667.29 | 0.062 | 0.733
11 | 0.373 | 0.373 | 304.54 | 0.029 | 0.301 61 | 0.845 | 0.845 | 627.51 | 0.061 | 0.677
12 | 0.632 | 0.632 | 504.93 | 0.038 | 0.507 62 | 3.153 | 1.911 [ 1190.62 | 0.196 | 2.342
13 | 1.101 | 1.095 | 756.43 | 0.059 | 0.890 63 | 1.230 | 1.249 | 811.98 | 0.087 | 1.002
14 | 1.005 | 1.005 | 714.47 | 0.055 | 0.807 64 | 1.829 | 1.602 [ 1031.26 | 0.105 | 1.497
15 | 0.220 | 0.220 | 177.89 | 0.016 | 0.180 65 | 0.999 | 0.999 | 711.81 | 0.047 | 0.802
16 | 0.511 | 0.511 | 413.03 | 0.037 | 0.410 66 | 2.526 | 4.106 | 1129.37 | 0.140 | 1.951
17 | 0.822 | 0.822 | 614.60 | 0.036 | 0.659 67 | 2.695 | 3.173 [ 1146.60 | 0.166 | 2.056
18 | 0.678 | 0.678 | 531.84 | 0.045 | 0.544 68 | 2.331 | 2.659 | 1107.68 | 0.141 | 1.829
19 | 1.037 | 1.036 | 728.72 | 0.053 | 0.835 69 | 2.304 | 3.342 [ 1106.29 | 0.181 | 1.814
20 | 0.958 | 0.958 | 691.77 | 0.062 | 0.768 70 | 2.554 | 2.376 | 1133.01 | 0.163 | 1.969
21 | 0.990 | 0.990 | 708.16 | 0.060 | 0.795 71 | 1.662 | 2.384 | 980.77 | 0.119 | 1.367
22 | 1.171] 1.319 | 786.66 0.085 0.951 72 | 2.054 | 1.725 | 1083.21 | 0.115 1.661
23 | 0.653 | 0.653 | 517.30 | 0.043 | 0.524 73 | 2.768 | 2.582 | 1153.27 | 0.174 | 2.100
24 | 0.440 | 0.440 | 357.38 | 0.022 | 0.353 74 | 2.254 | 2.994 [ 1105.45| 0.131 | 1.787
25 | 1.090 | 1.086 | 751.78 | 0.053 | 0.881 75 | 2.761 | 2.701 | 1152.58 | 0.159 | 2.096
26 | 1.396 | 1.736 | 880.84 | 0.094 | 1.145 76 | 1.209 | 1.194 | 803.24 | 0.089 | 0.984
27 | 1.4451 1.439 | 899.90 0.089 1.186 77 | 4.121 ] 1.898 | 1211.94 | 0.241 3.000
28 | 1.159 | 1.303 | 781.60 | 0.068 | 0.940 78 | 3.306 | 2.714 | 1198.92 | 0.157 | 2.441
29 | 1.545 | 1.381 | 938.82 | 0.103 | 1.270 79 | 2.660 | 3.623 [ 1143.64 | 0.165 | 2.035
30 | 0.261 ]| 0.261 | 212.38 0.017 0.212 80 | 4.761 | 5.327 | 1194.83 | 0.271 3.452
31 | 0.953 | 0.953 | 689.20 | 0.081 | 0.764 81 | 3.956 | 3.309 | 1214.13 | 0.246 | 2.882
32 | 1.782 | 2.032 ]| 1017.60] 0.101 1.461 82 | 3.827 | 3.802 | 1213.78| 0.211 2.793
33 | 0.872 | 0.872 | 642.72 | 0.049 | 0.699 83 | 3.694 | 4.528 | 1212.32 | 0.205 | 2.700
34 | 1.174 | 1.164 | 788.08 | 0.063 | 0.954 84 | 2.118 | 2.397 | 1093.35 | 0.113 | 1.704
35 ] 0.969 | 0.969 | 697.29 0.041 0.777 85 | 2.751 | 4.468 | 1151.47 | 0.151 2.090
36 | 1.585 | 1.562 | 953.24 | 0.100 | 1.303 86 | 1.473 | 1.374 | 911.02 | 0.100 | 1.210
37 | 1.446 | 1.942| 900.64 | 0.123 | 1.187 87 | 3.659 | 4.766 | 1211.69| 0.219 | 2.676
38 | 1.206 | 1.189 | 801.98 | 0.069 | 0.982 88 | NC NC NC NC NC
39 | 0.816 | 0.816 | 610.96 | 0.040 | 0.654 89 | 2.164 | 3.137 | 1099.44 | 0.137 | 1.734
40 | 1.536 | 1.490 | 935.59 | 0.081 | 1.263 90 | 3.086 | 3.984 | 1185.77 | 0.183 | 2.300
41 | 1.659 | 1.978 | 979.60 | 0.099 | 1.364 91 | 5.410 | 4.390 | 1185.03 | 0.304 | 3.908
42 | 1.413 | 2.244 | 887.35 | 0.094 | 1.159 92 | 2.211 | 2.658 [ 1102.95| 0.136 | 1.762
43 | 2.152 | 2.381 | 1097.94| 0.120 1.726 93 | 3.418 | 2.973 | 1203.39| 0.214 | 2.515
44 | 1.398 | 1.299 | 881.56 | 0.097 | 1.146 94 | 5.194 | 4.400 | 1186.12 | 0.306 | 3.758
45 | 1.255 1 1.418 | 822.51 0.085 1.024 95 | 3.550 | 2.644 | 1208.46 | 0.196 2.602
46 | 1.044 | 1.043 | 731.98 | 0.053 | 0.841 96 | 4.014 | 2.347 | 1213.79 | 0.234 | 2.924
47 | 0.887 | 0.887 | 651.28 | 0.050 | 0.711 97 | 3.239 | 4.362 [ 1195.79 | 0.183 | 2.397
48 | 1.212 | 1.192 | 804.46 0.066 0.987 98 | 3.377 | 2.998 | 1201.81 | 0.158 2.488
49 | 1.373| 1.761 | 871.48 | 0.084 | 1.125 99 | 4.397 | 4.124 | 1200.25 | 0.252 | 3.196
50 | 2.044 | 1.663 ] 1081.38 | 0.119 1.654 100 | 4.319 | 5.347 | 1202.49 | 0.235 3.141
Vv : Maximum Base Shear

A : Maximum Roof Displacement

MIDR : Maximum Inter-Story Drift Ratio

NC : Not Considered




Table A.3.3 Results of SDOF Analyses of Frame ‘F2S2B’

(FEMA ldealization Method)

MIDR : Maximum Inter-Story Drift Ratio

NC

: Not Considered
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FEMA FEMA
EQ Brema | Reema | V (KN) | A (M) NELZ)R EQ Bereva | Reema | V(KN) | A (m) NE(I)Z)R
1 [0.031]0.031| 37.45 | 0.002 | 0.033 51 | 1.066 | 1.063 | 862.64 | 0.074 | 1.107
2 [0.032]0.032| 3853 | 0.002 | 0.034 52 | 2.442 | 2.665 [ 1186.50 | 0.170 | 2.305
3 | 0.182] 0.182 | 186.68 | 0.013 | 0.188 53 | 0.660 | 0.660 | 622.98 | 0.046 | 0.671
4 [ 0.097 [ 0.097 | 104.04 | 0.007 | 0.102 54 | 1.405 | 1.315 [ 1016.94 | 0.098 | 1.459
5 | 0.183 ] 0.183 | 187.96 | 0.013 | 0.189 55 | 1.044 | 1.092 | 850.86 | 0.073 | 1.082
6 | 0.238 ] 0.238 | 245.89 | 0.017 | 0.244 56 | 2.893 | 2.240 [ 1211.82] 0.202 | 2.681
7 | 0.388] 0.388 | 398.16 | 0.027 | 0.395 57 | 1.095 | 1.191 | 877.64 | 0.076 | 1.138
8 | 0.478 | 0.478 | 486.00 | 0.033 | 0.485 58 | 1.812 | 3.175 | 1106.70| 0.126 | 1.810
9 |[1.104[ 1.262 | 881.97 | 0.077 | 1.147 59 | 2.479 | 1.781 [ 1189.97 | 0.173 | 2.335
10 | 0.954 | 0.954 | 803.24 | 0.067 | 0.984 60 | 0.890 | 0.890 | 768.41 | 0.062 | 0.914
11 | 0.416 | 0.416 | 425.73 | 0.029 | 0.423 61 | 0.868 | 0.868 | 756.28 | 0.061 | 0.890
12 | 0.550 | 0.550 | 542.49 | 0.038 | 0.559 62 | 2.818 | 2.222[ 1209.28 | 0.196 | 2.617
13 | 0.847 | 0.847 | 744.74 | 0.059 | 0.867 63 | 1.250 | 1.236 | 953.10 | 0.087 | 1.303
14 | 0.791 | 0.791 | 713.66 | 0.055 | 0.805 64 | 1.507 | 1.403 [ 1052.98 | 0.105 | 1.558
15 | 0.235 | 0.235 | 243.22 | 0.016 | 0.241 65 | 0.677 | 0.677 | 635.05 | 0.047 | 0.688
16 | 0.536 | 0.536 | 532.19 | 0.037 | 0.544 66 | 2.008 | 3.101 | 1131.82 | 0.140 | 1.963
17 | 0.516 | 0.516 | 517.97 | 0.036 | 0.524 67 | 2.382 | 2.784 [ 1178.75| 0.166 | 2.257
18 | 0.647 | 0.647 | 613.52 | 0.045 | 0.658 68 | 2.028 | 2.354 | 1135.10 | 0.141 | 1.979
19 | 0.759 | 0.759 | 693.73 | 0.053 | 0.772 69 | 2.604 | 2.394 [ 1198.62 | 0.181 | 2.437
20 | 0.892 | 0.892 | 769.36 | 0.062 | 0.916 70 | 2.335 | 2.149 | 1172.35| 0.163 | 2.220
21 | 0.860 | 0.860 | 751.85 | 0.060 | 0.881 71 | 1.712 | 2.694 | 1100.20 | 0.119 | 1.738
22 | 1.222] 1.199 [ 939.99 | 0.085 | 1.273 72 | 1.653 | 1.550 [ 1090.26 | 0.115 | 1.689
23 | 0.610 | 0.610 | 586.43 | 0.043 | 0.620 73 | 2.499 | 2.884 [ 1191.49| 0.174 | 2.351
24 | 0.309 | 0.309 | 319.02 | 0.022 | 0.315 74 | 1.883 | 2.045 [ 1113.29| 0.131 | 1.863
25 | 0.762 | 0.762 | 695.21 | 0.053 | 0.774 75 | 2.285 | 2.371 | 1165.41 | 0.159 | 2.180
26 | 1.352 | 1.688 | 996.78 | 0.094 | 1.407 76 | 1.277 | 1.250 | 965.18 | 0.089 | 1.330
27 | 1.275 | 1.246 [ 964.52 | 0.089 | 1.329 77 | 3.453 | 1.833 [ 1200.61 | 0.241 | 3.181
28 | 0.969 | 0.969 | 811.38 | 0.068 | 1.001 78 | 2.253 | 2.003 | 1161.61 | 0.157 | 2.155
29 | 1.482 | 1.387 [ 1045.05| 0.103 | 1.535 79 | 2.361 | 3.399 [ 1175.93 | 0.165 | 2.240
30 | 0.244 [ 0.244 | 253.01 | 0.017 | 0.250 80 | 3.882 | 5.029 | 1193.46 | 0.271 | 3.565
31 | 1.157 | 1.142 | 908.59 | 0.081 | 1.204 81 | 3.523 | 3.344 | 1198.82| 0.246 | 3.243
32 | 1.447 ] 1.639 [ 1032.79| 0.101 | 1.501 82 | 3.029 [ 4.719 [ 1213.86 | 0.211 | 2.801
33 [ 0.710 | 0.710 | 658.43 | 0.049 | 0.721 83 | 2.946 | 4.718 | 1213.01| 0.205 | 2.728
34 | 0.907 | 0.907 | 777.65 | 0.063 | 0.932 84 | 1.627 | 2.412 [ 1084.74| 0.113 | 1.666
35 | 0.581 | 0.581 | 565.56 | 0.041 | 0.591 85 | 2.173 | 3.341 [ 1151.83| 0.151 | 2.092
36 | 1.430 | 1.368 | 1026.63 | 0.100 | 1.485 86 | 1.431 | 1.349 | 1026.91 | 0.100 | 1.485
37 | 1.764 | 2.344 [ 1104.28 | 0.123 | 1.776 87 | 3.140 | 4.348 [ 1214.01| 0.219 | 2.899
38 | 0.986 | 0.986 | 820.33 | 0.069 | 1.019 88 | NC NC NC NC NC
39 | 0.569 | 0.569 | 556.82 | 0.040 | 0.578 89 | 1.970 | 2.592 | 112559 | 0.137 | 1.933
40 | 1.156 | 1.141 | 907.88 | 0.081 | 1.203 90 | 2.625 | 3.521 [ 1199.80 | 0.183 | 2.455
41 | 1.422 | 1.708 [ 1023.50 | 0.099 | 1.476 91 | 4.359 | 4.037 | 1184.14 | 0.304 | 3.987
42 | 1.350 | 1.536 | 996.19 | 0.094 | 1.405 92 | 1.954 | 2.025 [ 1122.82] 0.136 | 1.919
43 | 1.728 | 2.175 | 1101.74 | 0.120 | 1.749 93 | 3.073 | 2.929 | 1214.15| 0.214 | 2.840
44 | 1.397 | 1.340 [ 1013.82| 0.097 | 1.451 94 | 4391 | 5.014 | 1183.85| 0.306 | 4.014
45 | 1.217 | 1.192| 938.04 | 0.085 | 1.268 95 | 2.809 | 2.923 [ 1208.84 | 0.196 | 2.609
46 | 0.754 | 0.754 | 690.49 | 0.053 | 0.766 96 | 3.354 | 2.600 | 1207.10 | 0.234 | 3.093
47 | 0727 | 0.717 | 663.56 | 0.050 | 0.728 97 | 2.621 | 4.680 [ 1199.59 | 0.183 | 2.452
48 | 0.947 | 0.947 | 799.46 | 0.066 | 0.977 98 | 2.266 | 3.391 | 1162.91 | 0.158 | 2.164
49 | 1.205 | 1.359 [ 931.95 | 0.084 | 1.255 99 | 3.616 | 4.007 | 1198.20 | 0.252 | 3.326
50 | 1.702 | 1.515 [ 1098.56 | 0.119 | 1.729 100 | 3.370 | 4.349 [ 1204.77 | 0.235 | 3.106
Vv : Maximum Base Shear

A : Maximum Roof Displacement




Table A.3.4 Results of SDOF Analyses of Frame ‘F2S2B’

(75%Vy ldealization Method)

MIDR : Maximum Inter-Story Drift Ratio

NC

: Not Considered

104

75%Vy 75%Vy
EQ K 750wy | Rzswevy | V (KN) | A (m) NELZ)R EQ B 7506wy | Rzsoevy | V (KN) [ A (m) NE(I)Z)R
1 [0.021]0.021| 33.95 | 0.002 | 0.030 51 | 1.090 | 1.147 [ 1039.15| 0.102 | 1.519
2 [ 0.027]0.027| 44.47 | 0.003 | 0.040 52 | 2.036 | 1.800 | 1205.37 | 0.191 | 2.549
3 | 0.161 [ 0.161 | 222.77 | 0.015 | 0.222 53 | 0.546 | 0.546 | 675.70 | 0.051 | 0.745
4 [ 0.080[ 0.080 | 114.67 | 0.008 | 0.113 54 | 1.107 | 1.098 | 1046.87 | 0.104 | 1.541
5 | 0.156 | 0.156 | 216.25 | 0.015 | 0.216 55 | 1.001 | 1.001 | 994.55 | 0.094 | 1.401
6 | 0.165 | 0.165 | 229.12 | 0.015 | 0.228 56 | 2.510 | 2.041 [ 1204.64 | 0.235 | 3.110
7 | 0.372] 0.372| 506.20 | 0.035 | 0.508 57 | 0.833 | 0.833 | 890.06 | 0.078 | 1.165
8 | 0.357 | 0.357 | 487.81 | 0.033 | 0.487 58 | 1.586 | 2.342 | 1147.19| 0.149 | 2.060
9 |[0.845][ 0.845 | 898.28 | 0.079 | 1.182 59 | 2.034 | 1.603 [ 1205.23 | 0.191 | 2.546
10 | 0.727 | 0.727 | 815.40 | 0.068 | 1.009 60 | 0.850 | 0.850 | 901.43 | 0.080 | 1.189
11 | 0.321 | 0.321 | 441.42 | 0.030 | 0.439 61 | 0.852 | 0.852 | 902.77 | 0.080 | 1.192
12 | 0517 [ 0517 | 648.35 | 0.048 | 0.707 62 | 2.229 [ 2.069 [ 1213.57 | 0.209 | 2.772
13 | 0.680 | 0.680 | 781.29 | 0.064 | 0.940 63 | 1.762 | 1.514 | 1176.91 | 0.165 | 2.246
14 | 0.779 [ 0.779 | 853.01 | 0.073 | 1.087 64 | 1.229 | 1.201 [ 1089.96 | 0.115 | 1.688
15 | 0.144 | 0.144 | 198.17 | 0.013 | 0.199 65 | 0.564 | 0.564 | 693.44 | 0.053 | 0.771
16 | 0.404 | 0.404 | 537.70 | 0.038 | 0.552 66 | 2.109 | 1.912 | 1210.08 | 0.198 | 2.631
17 | 0.408 | 0.408 | 541.28 | 0.038 | 0.557 67 | 2.290 | 2.230 [ 1214.17| 0.215 | 2.845
18 | 0.622 | 0.622 | 738.72 | 0.058 | 0.855 68 | 1.468 | 1.665 | 1126.08 | 0.138 | 1.935
19 | 0.682 | 0.682 | 783.25 | 0.064 | 0.944 69 | 2.688 | 2.426 [ 1198.28 | 0.252 | 3.324
20 | 0.752 | 0.752 | 833.43 | 0.070 | 1.046 70 | 2.246 | 1.836 | 1213.78 | 0.210 | 2.793
21 | 0.837 | 0.837 | 892.65 | 0.078 | 1.170 71 | 1.614 | 1.865 | 1151.33 | 0.151 | 2.089
22 1 0.959 | 0.959 | 971.20 | 0.090 | 1.344 72 | 1.061 | 1.059 [ 1024.93 | 0.099 | 1.480
23 | 0.427 | 0.427 | 560.23 | 0.040 | 0.583 73 | 2.151 | 2.679 | 1211.79 | 0.202 | 2.680
24 | 0.276 | 0.276 | 380.65 | 0.026 | 0.377 74 | 1.345 [ 1.531 [ 1106.77 | 0.126 | 1.808
25 | 0.544 | 0.544 | 674.13 | 0.051 | 0.743 75 | 1.806 | 1.845 | 1184.85 | 0.169 | 2.293
26 | 1.212 | 1.386 [ 1085.21 | 0.114 | 1.668 76 | 1.097 | 1.092 [ 1042.24 | 0.103 | 1.527
27 1 0.927 ] 0.927 [ 951.38 | 0.087 | 1.299 77 | 3.458 [ 1.018 [ 1184.56 | 0.324 | 4.243
28 | 0.605 | 0.605 | 726.13 | 0.057 | 0.830 78 | 1.866 | 1.416 | 1192.25| 0.175 | 2.359
29 | 0.994 | 0.994 [ 990.96 | 0.093 | 1.392 79 | 2.033 | 2.919 [ 1205.15| 0.190 | 2.545
30 | 0.226 | 0.226 | 313.81 | 0.021 | 0.310 80 | 2.801 | 3.895 | 1194.62 | 0.262 | 3.460
31 | 1.361 | 1.302 [ 1106.57 | 0.128 | 1.822 81 | 2.951 | 3.386 | 1190.01 | 0.276 | 3.641
32 [ 1.115 | 1.110 [ 1050.48 | 0.104 | 1.551 82 | 2.246 | 3.915 [ 1213.78| 0.210 | 2.792
33 | 0.535 | 0.535 | 665.85 | 0.050 | 0.731 83 | 2.258 | 4.315 | 1213.91| 0.212 | 2.807
34 | 0.630 | 0.630 | 744.54 | 0.059 | 0.866 84 | 1.494 | 2.344 [ 1131.84| 0.140 | 1.963
35 | 0.525 | 0.525 [ 656.00 | 0.049 | 0.717 85 | 1.653 | 2.284 [ 1158.21| 0.155 | 2.131
36 | 0.994 | 0.994 [ 990.57 | 0.093 | 1.391 86 | 1.288 | 1.373 [ 1102.07 | 0.121 | 1.752
37 | 1.590 | 1.963 [ 1147.66 | 0.149 | 2.064 87 | 2.624 | 3.544 [ 1198.75| 0.246 | 3.247
38 | 1.028 | 1.028 | 1008.41 | 0.096 | 1.437 88 | NC NC NC NC NC
39 | 0.385 | 0.385 | 519.23 | 0.036 | 0.526 89 | 1.654 | 1.814 | 1158.32| 0.155 | 2.132
40 | 0.934 ] 0.934 | 955.80 | 0.088 | 1.309 90 | 2.231 | 2.510 | 1213.60 | 0.209 | 2.774
41 | 1.303 | 1.279 [ 1103.36 | 0.122 | 1.767 91 | 3.336 | 3.503 | 1182.94 | 0.313 | 4.096
42 1 0.982 | 0.982 | 984.36 | 0.092 | 1.375 92 | 1.356 | 1.951 [ 1106.18 | 0.127 | 1.817
43 | 1.672 | 1.739 | 1161.08 | 0.157 | 2.151 93 | 2.668 | 2.692 | 1198.66 | 0.250 | 3.300
44 | 0.806 | 0.806 | 871.29 | 0.075 | 1.125 94 | 3.564 | 3.689 | 1184.54 | 0.334 | 4.370
45 | 1.452 | 1.360 [ 1122.55| 0.136 | 1.918 95 | 2.255 | 3.512 [ 1213.87 | 0.211 | 2.803
46 | 0.496 | 0.496 | 627.17 | 0.046 | 0.677 96 | 2.431 | 2.995 | 1211.37 | 0.228 | 3.015
47 |1 0.505 | 0.505 | 636.71 | 0.047 | 0.690 97 | 2.224 [ 4.132[ 1213.51| 0.208 | 2.766
48 | 0.709 | 0.709 | 802.78 | 0.066 | 0.983 08 | 1.889 | 4.083 | 1194.56 | 0.177 | 2.384
49 | 1.004 | 1.004 [ 996.10 | 0.094 | 1.405 99 | 2.841 | 3.660 | 1193.35| 0.266 | 3.507
50 | 1.471 | 1.612 | 1126.68] 0.138 | 1.938 100 | 2.725 | 3.919 [ 1196.25| 0.255 | 3.369
Vv : Maximum Base Shear

A : Maximum Roof Displacement




Table A.3.5 Results of SDOF Analyses of Frame ‘F2S52B2’
(MULTI Idealization Method)

MULTI MULTI
EQ PBmoet | Rvoem | V (KN) | A (m) NELZ)R EQ Bmorm | Rmuem | V (KN) [ A (m) NE(I)Z)R
1 [0.020 ] 0.020| 26.09 | 0.001 | 0.016 51 | 0.684 | 0.677 | 710.67 | 0.027 | 0.516
2 [ 0.037]0.037| 44.76 | 0.001 | 0.030 52 | 0.764 | 0.809 | 790.16 | 0.030 | 0.576
3 | 0.067 | 0.067 | 74.77 | 0.003 | 0.052 53 | 0.969 | 0.842 | 958.28 | 0.038 | 0.730
4 [ 0.106 [ 0.106 | 117.33 | 0.004 | 0.081 54 | 1.318 | 1.333 [ 1150.10| 0.052 | 0.974
5 | 0.105 | 0.105 | 117.04 | 0.004 | 0.081 55 | 1.028 | 1.250 | 998.39 | 0.041 | 0.772
6 | 0.457 | 0.504 | 481.66 | 0.018 | 0.345 56 | 0.732 | 0.755 | 757.63 | 0.029 | 0.551
7 | 0.321]0.330| 342.97 | 0.013 | 0.243 57 | 0.544 | 0.526 | 569.66 | 0.022 | 0.410
8 | 0.255 [ 0.257 | 274.40 | 0.010 | 0.193 58 | 0.834 | 0.745 | 854.81 | 0.033 | 0.628
9 [0.279 [ 0.278 | 299.55 | 0.011 | 0.211 59 | 0.854 | 0.831 [ 872.90 | 0.034 | 0.644
10 | 0.454 | 0.450 | 478.87 | 0.018 | 0.343 60 | 0.693 | 0.704 | 718.83 | 0.027 | 0.522
11 | 0.241 | 0.246 | 260.37 | 0.010 | 0.183 61 | 0.715 | 0.722 | 741.59 | 0.028 | 0.539
12 | 0.317 [ 0.337 | 338.22 | 0.013 | 0.240 62 | 1.392 | 1.479 [ 1170.44 | 0.055 | 1.023
13 | 0.316 | 0.313 | 337.37 | 0.013 | 0.239 63 | 0.922 [ 0.950 | 925.03 | 0.037 | 0.695
14 | 0.407 | 0.407 | 431.04 | 0.016 | 0.308 64 | 0.868 | 0.847 | 883.91 | 0.034 | 0.654
15 | 0.268 | 0.273 | 287.95 | 0.011 | 0.203 65 | 1.742 | 1.813 | 1244.96 | 0.069 | 1.245
16 | 0.242 | 0.243 | 261.08 | 0.010 | 0.183 66 | 1.262 | 1.115 | 1131.26 | 0.050 | 0.936
17 | 0.453 | 0.457 | 477.45 | 0.018 | 0.342 67 | 1.100 | 1.149 | 1046.98 | 0.044 | 0.825
18 | 0.243 | 0.243 | 262.27 | 0.010 | 0.184 68 | 1.591 | 2.025 | 1222.81 | 0.063 | 1.155
19 | 0.530 | 0.606 | 555.14 | 0.021 | 0.399 69 | 1.425 | 1.395 [ 1179.52 | 0.056 | 1.045
20 | 0.324 | 0.322 | 345.62 | 0.013 | 0.245 70 | 1.411 | 1.451 | 1175.83 | 0.056 | 1.036
21 | 0.832 | 0.817 | 853.31 | 0.033 | 0.627 71 | 1.014 | 0.923 | 989.03 | 0.040 | 0.762
22 1 0.550 | 0.550 | 575.65 | 0.022 | 0.415 72 | 0.674 | 0.646 | 699.95 | 0.027 | 0.508
23 | 0.662 | 0.665 | 688.28 | 0.026 | 0.499 73 | 1.358 | 1.460 | 1161.09 | 0.054 | 1.001
24 | 0.384 | 0.379 | 407.48 | 0.015 | 0.290 74 | 1.560 | 1.932 | 1215.62 | 0.062 | 1.136
25 | 0.481 | 0.494 | 505.94 | 0.019 | 0.363 75 | 1.389 | 1.368 | 1169.80 | 0.055 | 1.022
26 | 0.619 | 0.614 | 645.06 | 0.025 | 0.467 76 | 1.115 | 1.367 | 1056.32 | 0.044 | 0.835
27 | 0.750 | 0.744 | 775.55 | 0.030 | 0.565 77 | 0.978 [ 0.976 | 964.76 | 0.039 | 0.736
28 | 0.688 | 0.741 | 713.99 | 0.027 | 0.518 78 | 1.960 | 2.111 | 1269.16 | 0.078 | 1.372
29 | 0.465 | 0.483 | 489.27 | 0.018 | 0.351 79 | 0.984 [ 0.970 | 968.96 | 0.039 | 0.741
30 | 0.634 | 0.658 | 660.50 | 0.025 | 0.478 80 | 1.454 | 1.502 | 1187.44| 0.058 | 1.065
31 | 0.565 | 0.570 | 590.48 | 0.022 | 0.426 81 | 1.534 | 1.398 [ 1208.68 | 0.061 | 1.118
32 | 0.641] 0.618 | 667.69 | 0.025 | 0.483 82 | 1.117 | 1.085 [ 1058.01 | 0.044 | 0.837
33 | 0.766 | 0.747 | 791.33 | 0.030 | 0.577 83 | 1.986 | 2.212 | 1272.93| 0.079 | 1.388
34 | 0.593 | 0.585 | 618.90 | 0.023 | 0.447 84 | 1.817 | 1.754 | 1251.09| 0.072 | 1.288
35 | 0.542 | 0.566 | 567.94 | 0.021 | 0.409 85 | 1.685 | 2.352 | 1238.22| 0.067 | 1.213
36 | 0.971 | 0.944 [ 959.87 | 0.038 | 0.731 86 | 1.199 | 1.491 | 1103.52| 0.047 | 0.893
37 | 0.586 | 0.646 | 612.51 | 0.023 | 0.442 87 | 1.027 [ 0.918 | 998.32 | 0.041 | 0.772
38 | 1.013 | 1.033 | 988.62 | 0.040 | 0.762 88 | 1.156 | 1.156 | 1081.63 | 0.046 | 0.864
39 | 1.257 | 2.005 [ 1128.89 | 0.050 | 0.932 89 | 2.138 | 1.820 [ 1290.50 | 0.085 | 1.477
40 | 0.723] 0.695 [ 738.86 | 0.028 | 0.537 90 | 1.707 | 1.879 [ 1240.91| 0.068 | 1.225
41 | 0.652 | 0.707 | 678.39 | 0.026 | 0.492 91 | 1.297 | 1.176 | 1143.82 | 0.051 | 0.960
42 | 0.711 ] 0.730 | 736.69 | 0.028 | 0.535 92 | 1.801 | 2.019 [ 1249.24 | 0.071 | 1.279
43 | 0.532 | 0.549 | 557.92 | 0.021 | 0.401 93 | 1.737 | 1.472 | 1244.45]| 0.069 | 1.243
44 | 0.932 | 1.048 [ 932.27 | 0.037 | 0.702 94 | 2.161 | 2.835 | 1293.44 | 0.086 | 1.490
45 | 0.606 | 0.622 | 631.82 | 0.024 | 0.457 95 | 1.751 | 1.501 | 1245.97 | 0.069 | 1.251
46 | 0.959 | 1.047 | 951.54 | 0.038 | 0.722 96 | 2.181 | 2.027 | 1295.99 | 0.086 | 1.502
47 |1 0.894 | 0.966 [ 903.53 | 0.035 | 0.674 97 | 2.295 | 2.448 | 1310.62 | 0.091 | 1.570
48 | 1.107 | 1.193 | 1051.51 | 0.044 | 0.830 08 | 1.968 | 1.780 | 1270.37 | 0.078 | 1.377
49 | 1.023] 0.985 [ 995.41 | 0.041 | 0.769 99 | 2.026 | 1.724 [ 1278.00| 0.080 | 1.412
50 | 0.697 | 0.730 [ 723.55 | 0.028 | 0.526 100 | 3.852 | 4.790 | 1337.73| 0.153 | 2.580
Vv : Maximum Base Shear

A : Maximum Roof Displacement

MIDR : Maximum Inter-Story Drift Ratio
NC : Not Considered
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Table A.3.6 Results of SDOF Analyses of Frame ‘F2S52B2’
(ATC ldealization Method)

ATC ATC
0 ware | Rure | vaw | amm | Moot || 0 ware | Rare | v | amm) | V2R
1 [0.020 ] 0.020| 26.09 | 0.001 | 0.016 51 | 0.677 | 0.677 | 702.92 | 0.027 | 0.510
2 [ 0.037]0.037| 44.77 | 0.001 | 0.030 52 | 0.809 | 0.809 | 833.41 | 0.032 | 0.609
3 | 0.067 | 0.067 | 74.77 | 0.003 | 0.052 53 | 0.842 | 0.842 | 861.92 | 0.033 | 0.634
4 [ 0.106 [ 0.106 | 117.33 | 0.004 | 0.081 54 | 1.213 | 1.333 [ 1109.66 | 0.048 | 0.902
5 0.105 | 0.105 | 117.04 0.004 | 0.081 55| 1.114 | 1.250 | 1056.30| 0.044 | 0.835
6 | 0.504 | 0.504 | 529.44 | 0.020 | 0.380 56 | 0.755 | 0.755 | 781.00 | 0.030 | 0.569
7 | 0.330] 0.330| 351.70 | 0.013 | 0.249 57 | 0.526 | 0.526 | 552.01 | 0.021 | 0.397
8 | 0.257 | 0.257 | 276.82 | 0.010 | 0.195 58 | 0.745 | 0.745 | 770.94 | 0.030 | 0.561
9 [0.278] 0.278 | 298.49 | 0.011 | 0.211 59 | 0.831 | 0.831 | 852.16 | 0.033 | 0.626
10 | 0.450 | 0.450 | 474.68 | 0.018 | 0.340 60 | 0.704 | 0.704 | 730.15 | 0.028 | 0.530
11 | 0.246 | 0.246 | 265.40 | 0.010 | 0.187 61 | 0.722 | 0.722 | 748.18 | 0.029 | 0.544
12 | 0.337 [ 0.337 | 359.05 | 0.013 | 0.255 62 | 1.269 | 1.479 | 1133.77 | 0.050 | 0.940
13 | 0.313 | 0.313 | 334.14 | 0.012 | 0.237 63 | 0.950 | 0.950 | 945.05 | 0.038 | 0.716
14 | 0.407 | 0.407 | 430.37 | 0.016 | 0.307 64 | 0.847 | 0.847 | 866.88 | 0.034 | 0.639
15 | 0.273 | 0.273 | 292.65 | 0.011 | 0.206 65 | 1.570 | 1.813 | 1218.01 | 0.062 | 1.142
16 | 0.243 ] 0.243 | 262.11 0.010 0.184 66 | 1.114 | 1.115 | 1055.71| 0.044 | 0.834
17 | 0.457 | 0.457 | 481.30 0.018 0.345 67 | 1.161 | 1.149 | 1084.24 | 0.046 0.867
18 | 0.243 | 0.243 | 262.04 | 0.010 | 0.184 68 | 1.382 | 2.025 | 1167.76 | 0.055 | 1.017
19 | 0.606 | 0.606 | 632.46 | 0.024 | 0.457 69 | 1.236 | 1.395 | 1119.74 | 0.049 | 0.918
20 | 0.322 | 0.322 | 344.00 | 0.013 | 0.244 70 | 1.448 | 1.451 | 1185.76 | 0.057 | 1.061
21 | 0.817 | 0.817 | 840.14 | 0.032 | 0.615 71 | 0.923 | 0.923 | 926.13 | 0.037 | 0.696
22 1 0.550 | 0.550 | 575.54 | 0.022 | 0.415 72 | 0.646 | 0.646 | 672.15 | 0.026 | 0.487
23 | 0.665 | 0.665 | 691.21 | 0.026 | 0.501 73 | 1.432 | 1.460 | 1181.50 | 0.057 | 1.050
24 | 0.379 | 0.379 [ 402.31 | 0.015 | 0.286 74 | 1.437 [ 1.932 [ 1182.86 | 0.057 | 1.054
25 | 0.494 | 0.494 | 518.77 | 0.020 | 0.372 75 | 1.400 | 1.368 | 1172.78 | 0.055 | 1.029
26 | 0.615 | 0.615 | 640.75 | 0.024 | 0.463 76 | 1.157 | 1.366 | 1082.35 | 0.046 | 0.865
27 | 0.744 | 0.744 | 769.60 | 0.029 | 0.560 77 | 0.976 [ 0.976 | 963.41 | 0.039 | 0.735
28 | 0.741 | 0.741 | 766.61 | 0.029 | 0.558 78 | 1.822 | 2.111 [ 1251.76 | 0.072 | 1.291
29 | 0.483 | 0.483 | 508.18 | 0.019 | 0.365 79 | 0.970 [ 0.970 | 958.86 | 0.038 | 0.730
30 | 0.658 | 0.658 | 684.08 | 0.026 | 0.496 80 | 1.201 | 1.502 | 1104.48 | 0.048 | 0.894
31 | 0570 | 0.570 | 595.93 | 0.023 | 0.430 81 | 1.380 | 1.398 [ 1167.29| 0.055 | 1.016
32 | 0.618 | 0.618 | 643.87 | 0.024 | 0.466 82 | 1.090 | 1.085 [ 1040.43| 0.043 | 0.818
33 | 0.747 | 0.747 | 772.93 | 0.030 | 0.563 83 | 1.674 | 2.212 | 1236.65| 0.066 | 1.206
34 | 0.585 | 0.585 | 610.98 | 0.023 | 0.441 84 | 1.781 | 1.754 | 1248.37| 0.071 | 1.268
35 | 0.566 | 0.566 | 591.80 | 0.022 | 0.427 85 | 1.747 | 2.353 | 1245.55 | 0.069 | 1.249
36 | 0.944 | 0.944 | 941.19 0.037 0.712 86 | 1.378 | 1.491 | 1166.57 | 0.055 1.014
37 | 0.646 | 0.646 | 672.34 | 0.026 | 0.487 87 | 0.918 [ 0.918 | 922.35 | 0.036 | 0.692
38 | 1.035] 1.033 ]| 1003.38| 0.041 0.778 88 | 1.109 | 1.156 | 1052.45| 0.044 | 0.831
39 | 1.230 | 2.005 [ 1117.06 | 0.049 | 0.914 89 | 2.000 | 1.820 | 1274.85| 0.079 | 1.396
40 | 0.695 | 0.695 | 721.16 0.028 0.524 90 | 1.693 | 1.879 | 1239.24 | 0.067 1.217
41 | 0.707 | 0.707 | 732.73 | 0.028 | 0.532 91 | 1.206 | 1.176 | 1106.83 | 0.048 | 0.898
42 1 0.730 | 0.730 | 755.65 | 0.029 | 0.550 92 | 1.912 | 2.019 [ 1262.17 | 0.076 | 1.343
43 | 0.549 | 0.549 | 574.42 0.022 0.414 93 | 1.664 | 1.472 | 1235.14 | 0.066 1.200
44 | 1.049 | 1.048 [ 1013.22] 0.042 | 0.788 94 | 2.133 | 2.835 [ 1289.97 | 0.084 | 1.474
45 | 0.622 | 0.622 | 648.17 0.025 0.469 95 | 1.621 | 1.501 | 1228.16 | 0.064 1.174
46 | 1.026 | 1.047 | 997.32 | 0.041 | 0.771 96 | 2.257 | 2.027 | 1305.47 | 0.089 | 1.547
47 | 0.966 | 0.966 | 956.50 | 0.038 | 0.728 97 | 2.313 | 2.447 [ 1313.14 | 0.092 | 1.581
48 | 1.096 | 1.193 | 1044.32| 0.043 0.822 98 | 2.060 | 1.780 | 1281.77 | 0.082 1.431
49 | 0.986 | 0.986 | 969.78 | 0.039 | 0.742 99 | 2.187 | 1.724 [ 1296.75| 0.087 | 1.506
50 | 0.730 | 0.730 | 756.13 | 0.029 | 0.550 100 | 3.520 | 4.789 | 1350.44 | 0.139 | 2.354
Vv : Maximum Base Shear

A : Maximum Roof Displacement

MIDR : Maximum Inter-Story Drift Ratio
NC : Not Considered

106



Table A.3.7 Results of SDOF Analyses of Frame ‘F2S52B2’
(FEMA ldealization Method)

FEMA FEMA
EQ Brema | Reema | V (KN) | A (M) NELZ)R EQ Bereva | Reema | V(KN) | A (m) NE(I)Z)R
1 [0.019 ] 0.019| 27.17 | 0.001 | 0.017 51 | 0.682 | 0.682 | 767.00 | 0.029 | 0.558
2 [ 0.037]0.037| 47.04 | 0.002 | 0.031 52 | 0.734 [ 0.734 | 822.48 | 0.032 | 0.600
3 | 0.058[ 0.058| 71.00 | 0.003 | 0.049 53 | 0.906 | 0.906 | 968.66 | 0.039 | 0.741
4 [ 0.097 [ 0.097 | 116.72 | 0.004 | 0.080 54 | 1.244 | 1.303 [ 1159.16 | 0.053 | 0.996
5 | 0.097 | 0.097 | 117.28 | 0.004 | 0.081 55 | 1.042 | 1.065 | 1067.56 | 0.045 | 0.848
6 | 0.462 | 0.462 | 526.47 | 0.020 | 0.378 56 | 0.688 | 0.688 | 772.63 | 0.030 | 0.563
7 | 0.315] 0.315| 363.65 | 0.014 | 0.258 57 | 0.561 | 0.561 | 635.57 | 0.024 | 0.459
8 | 0.268 [ 0.268 | 311.45 | 0.012 | 0.220 58 | 0.822 | 0.822 | 902.38 | 0.035 | 0.672
9 [0.283] 0.283 | 328.74 | 0.012 | 0.233 59 | 0.797 | 0.797 | 882.37 | 0.034 | 0.653
10 | 0.438 | 0.438 | 500.39 | 0.019 | 0.359 60 | 0.661 | 0.661 | 743.80 | 0.028 | 0.541
11 | 0.222 [ 0.222 | 260.42 | 0.010 | 0.183 61 | 0.726 | 0.726 | 814.27 | 0.031 | 0.594
12 | 0.303 ] 0.303 | 351.14 | 0.013 | 0.249 62 | 1.259 | 1.482 [ 1163.82 | 0.054 | 1.007
13 | 0.319 | 0.319 | 369.02 | 0.014 | 0.262 63 | 0.869 | 0.869 | 940.66 | 0.037 | 0.711
14 | 0.395 [ 0.395 | 453.39 | 0.017 | 0.324 64 | 0.833 | 0.833 | 911.86 | 0.036 | 0.682
15 | 0.254 | 0.254 | 295.45 | 0.011 | 0.208 65 | 1.510 | 1.863 | 1231.21 | 0.065 | 1.185
16 | 0.235 | 0.235 | 275.01 | 0.010 | 0.194 66 | 1.259 | 1.147 | 1163.61 | 0.054 | 1.007
17 | 0.460 | 0.460 | 524.93 | 0.020 | 0.377 67 | 1.018 | 1.017 [ 1050.16 | 0.044 | 0.828
18 | 0.202 | 0.202 | 236.99 | 0.009 | 0.166 68 | 1.390 | 1.931 | 1202.12 | 0.060 | 1.101
19 | 0.529 | 0.529 | 600.34 | 0.023 | 0.433 69 | 1.247 | 1.436 | 1160.18 | 0.054 | 0.998
20 | 0.292 | 0.292 | 338.43 | 0.013 | 0.240 70 | 1.360 | 1.479 | 1193.66 | 0.059 | 1.080
21 | 0.815| 0.815 | 897.22 | 0.035 | 0.667 71 | 0.953 | 0.953 | 1003.08 | 0.041 | 0.777
22 | 0532 0.532 | 604.18 | 0.023 | 0.436 72 | 0.698 [ 0.698 | 783.29 | 0.030 | 0.571
23 | 0.698 | 0.698 | 783.21 | 0.030 | 0.571 73 | 1.335 | 1.389 | 1186.18 | 0.057 | 1.062
24 | 0.409 | 0.409 | 468.65 | 0.018 | 0.335 74 | 1.409 | 1.945 [ 1207.60 | 0.061 | 1.115
25 | 0.451 | 0.451 | 514.94 | 0.019 | 0.370 75 | 1.335 | 1.303 | 1186.13 | 0.057 | 1.062
26 | 0.620 | 0.620 | 699.35 | 0.027 | 0.507 76 | 1.172 | 1.246 | 1135.05 | 0.050 | 0.943
27 | 0.725 | 0.715 | 801.90 | 0.031 | 0.585 77 | 0.910 [ 0.910 [ 971.71 | 0.039 | 0.744
28 | 0.684 | 0.684 | 768.97 | 0.029 | 0.560 78 | 1.752 | 1.802 | 1261.19 | 0.075 | 1.338
29 | 0.464 | 0.464 | 529.18 | 0.020 | 0.380 79 | 0.995 | 0.995 [ 1034.26 | 0.043 | 0.811
30 | 0.629 | 0.629 | 708.91 | 0.027 | 0.514 80 | 1.316 | 1.466 | 1180.49 | 0.057 | 1.048
31 | 0.551 | 0.551 | 624.56 | 0.024 | 0.451 81 | 1.430 | 1.409 | 1213.77| 0.062 | 1.131
32 [ 0.634 ] 0.634 | 715.11 | 0.027 | 0.519 82 | 1.102 | 1.097 [ 1102.56 | 0.047 | 0.892
33 [ 0.735] 0.735 | 823.43 | 0.032 | 0.601 83 | 1.613 | 2.088 | 1246.06 | 0.069 | 1.251
34 | 0.588 | 0.588 | 664.91 | 0.025 | 0.481 84 | 1.706 | 1.658 | 1255.34 | 0.073 | 1.308
35 | 0.493 ] 0.493 | 561.13 | 0.021 | 0.404 85 | 1.841 | 2.291 [ 1274.66 | 0.079 | 1.395
36 | 0.903 | 0.903 | 966.09 | 0.039 | 0.738 86 | 1.231 | 1.216 | 1155.35| 0.053 | 0.987
37 | 0.580 | 0.580 | 655.67 | 0.025 | 0.474 87 | 0.922 [ 0.922| 980.58 | 0.040 | 0.753
38 | 0.971 | 0.971 | 1016.64 | 0.042 | 0.792 88 | 1.096 | 1.180 | 1099.44 | 0.047 | 0.887
39 | 1.245 | 1.894 [ 1159.39 | 0.054 | 0.997 89 | 2.033 | 1.763 [ 1299.39 | 0.087 | 1.518
40 | 0.701 | 0.701 | 787.03 | 0.030 | 0.574 90 | 1.640 | 2.043 [ 1248.31] 0.071 | 1.267
41 | 0.612 | 0.612 | 690.49 | 0.026 | 0.501 91 | 1.128 | 1.116 | 1115.16 | 0.049 | 0.911
42 | 0.718 ]| 0.718 | 804.98 | 0.031 | 0.587 92 | 1.741 | 1.832 [ 1259.83 | 0.075 | 1.331
43 | 0523 | 0.523 | 593.95 | 0.022 | 0.428 93 | 1.638 | 1.468 | 1248.23| 0.070 | 1.267
44 | 0.925 | 0.925 [ 982.86 | 0.040 | 0.756 94 | 2.084 | 2.721 [ 1306.16 | 0.090 | 1.551
45 | 0.604 | 0.604 | 682.45 | 0.026 | 0.495 95 | 1.593 | 1.485 [ 124358 0.068 | 1.238
46 | 1.003 | 1.003 | 1039.64 | 0.043 | 0.817 96 | 2.017 | 1.839 | 1297.09 | 0.087 | 1.508
47 1 0.902 | 0.902 | 965.55 | 0.039 | 0.737 97 | 2.105 | 2.699 | 1309.22 | 0.091 | 1.565
48 | 1.112 | 1.177 | 1107.31| 0.048 | 0.899 08 | 1.836 | 1.635 | 1273.95| 0.079 | 1.392
49 | 0.977 | 0.977 [ 1021.28 | 0.042 | 0.797 99 | 2.027 | 1.623 | 1298.57| 0.087 | 1.515
50 | 0.700 | 0.700 [ 785.55 | 0.030 | 0.572 100 | 3.322 | 4.333 [ 1341.31| 0.143 | 2.418
Vv : Maximum Base Shear

A : Maximum Roof Displacement

MIDR : Maximum Inter-Story Drift Ratio
NC : Not Considered
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Table A.3.8 Results of SDOF Analyses of Frame ‘F2S52B2’

(75%VYy ldealization Method)
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75%Vy 75%Vy
EQ K 750wy | Rzswevy | V (KN) | A (m) NELZ)R EQ B 7506wy | Rzsoevy | V (KN) [ A (m) NE(I)Z)R
1 [0.019] 0.019| 27.59 | 0.001 | 0.017 51 | 0.682 | 0.682 | 788.53 | 0.030 | 0.575
2 [ 0.037]0.037| 48.23 | 0.002 | 0.032 52 | 0.706 | 0.706 | 815.37 | 0.031 | 0.595
3 | 0.055[ 0.055| 69.15 | 0.002 | 0.048 53 | 0.924 | 0.924 | 1002.21 | 0.041 | 0.776
4 [ 0.095][ 0.095 | 118.01 | 0.004 | 0.081 54 | 1.251 | 1.292 [ 1172.53| 0.055 | 1.028
5 | 0.095 | 0.095 | 117.43 | 0.004 | 0.081 55 | 0.998 | 0.998 | 1057.34 | 0.044 | 0.836
6 | 0.448 | 0.448 | 526.22 | 0.020 | 0.378 56 | 0.692 | 0.692 | 799.98 | 0.031 | 0.583
7 | 0.300 ] 0.300| 367.34 | 0.014 | 0.261 57 | 0.586 | 0.586 | 682.04 | 0.026 | 0.494
8 | 0.267 | 0.267 | 319.71 | 0.012 | 0.226 58 | 0.851 | 0.851 | 946.78 | 0.038 | 0.717
9 [0.285[ 0.285 | 340.49 | 0.013 | 0.241 59 | 0.784 | 0.784 | 890.94 | 0.035 | 0.661
10 | 0.434 | 0.434 | 510.06 | 0.019 | 0.366 60 | 0.647 | 0.647 | 749.52 | 0.029 | 0.545
11 | 0.213 | 0.213 | 257.48 | 0.009 | 0.181 61 | 0.720 | 0.720 | 829.89 | 0.032 | 0.606
12 | 0.2900 [ 0.290 | 34555 | 0.013 | 0.245 62 | 1.281 | 1.478 [ 1181.67 | 0.057 | 1.051
13 | 0.318 | 0.318 | 378.39 | 0.014 | 0.269 63 | 0.846 | 0.846 | 942.65 | 0.037 | 0.713
14 | 0.403 | 0.403 | 475.72 | 0.018 | 0.341 64 | 0.823 | 0.823 [ 924.38 | 0.036 | 0.694
15 | 0.243 | 0.243 | 291.56 | 0.011 | 0.206 65 | 1.500 | 1.874 | 1237.28 | 0.066 | 1.208
16 | 0.234 | 0.234 | 281.22 | 0.010 | 0.198 66 | 1.342 | 1.201 | 1199.97 | 0.059 | 1.096
17 | 0.455 | 0.455 | 534.13 | 0.020 | 0.384 67 | 0.973 [ 0.973 [ 1039.37 | 0.043 | 0.816
18 | 0.185 | 0.185 | 224.59 | 0.008 | 0.157 68 | 1.381 | 1.927 | 1211.53| 0.061 | 1.125
19 | 0.499 | 0.499 | 584.26 | 0.022 | 0.421 69 | 1.243 | 1.441 [ 1170.13| 0.055 | 1.023
20 | 0.283 | 0.283 | 337.97 | 0.013 | 0.239 70 | 1.311 | 1.517 | 1190.75 | 0.058 | 1.073
21 | 0.809 | 0.809 | 912.45 | 0.036 | 0.682 71 | 0.955 | 0.955 | 1025.67 | 0.042 | 0.802
22 | 0526 | 0.526 | 614.49 | 0.023 | 0.444 72 | 0.702 [ 0.702 | 810.67 | 0.031 | 0.591
23 | 0.696 | 0.696 | 803.93 | 0.031 | 0.586 73 | 1.298 | 1.363 | 1186.96 | 0.058 | 1.064
24 | 0.419 | 0.419 | 493.32 | 0.019 | 0.354 74 | 1.408 | 1.949 [ 1219.20 | 0.062 | 1.145
25 | 0.431 | 0.431 | 507.09 | 0.019 | 0.364 75 | 1.282 | 1.260 | 1181.91 | 0.057 | 1.051
26 | 0.615 | 0.615 | 713.77 | 0.027 | 0.518 76 | 1.122 | 1.183 [ 1128.29 | 0.050 | 0.931
27 | 0.706 | 0.706 | 815.37 | 0.031 | 0.595 77 | 0.885 [ 0.885 | 972.60 | 0.039 | 0.745
28 | 0.652 | 0.652 | 755.04 | 0.029 | 0.549 78 | 1.793 | 1.692 | 1275.67 | 0.079 | 1.400
29 | 0.460 | 0.460 | 539.51 | 0.020 | 0.388 79 | 1.034 | 1.033 [ 1082.07 | 0.046 | 0.865
30 | 0.616 | 0.616 | 715.85 | 0.027 | 0.520 80 | 1.373 | 1.465 | 1209.22| 0.061 | 1.119
31 | 0.552 | 0.552 | 643.74 | 0.024 | 0.466 81 | 1.453 | 1.405 | 1228.97 | 0.064 | 1.177
32 | 0.663 | 0.663 | 768.00 | 0.029 | 0.559 82 | 1.110 | 1.100 | 1122.23] 0.049 | 0.922
33 1 0.730 | 0.730 | 839.66 | 0.032 | 0.615 83 | 1.590 | 2.048 | 1248.23| 0.070 | 1.267
34 | 0.590 | 0.590 | 686.37 | 0.026 | 0.498 84 | 1.689 | 1.619 | 1259.68 | 0.075 | 1.330
35 | 0.471 | 0.471 | 552.94 | 0.021 | 0.398 85 | 1.842 | 2.221 [ 1281.86| 0.082 | 1.432
36 | 0.888 | 0.888 | 975.28 | 0.039 | 0.748 86 | 1.112 | 1.096 | 1123.55 | 0.049 | 0.924
37 | 0.543 | 0.543 | 634.09 | 0.024 | 0.458 87 | 0.924 | 0.924 [ 1002.70| 0.041 | 0.777
38 | 0.948 | 0.948 | 1020.38| 0.042 | 0.796 88 | 1.099 | 1.171 [ 1116.93| 0.049 | 0.914
39 | 1.214 | 1.832 [ 1161.20| 0.054 | 1.001 89 | 2.052 | 1.738 | 1310.70| 0.091 | 1.571
40 | 0.702 | 0.702 | 810.69 | 0.031 | 0.501 90 | 1.602 | 2.082 | 1248.96 | 0.071 | 1.274
41 | 0.585 | 0.585 | 680.99 | 0.026 | 0.493 91 | 1.099 | 1.093 | 1117.03 | 0.049 | 0.914
42 |1 0.707 | 0.707 | 816.66 | 0.031 | 0.596 92 | 1.655 | 1.761 | 1255.24 | 0.073 | 1.308
43 | 0.515 | 0.515 | 602.18 | 0.023 | 0.434 93 | 1.621 | 1.464 | 1250.70| 0.072 | 1.286
44 | 0.881 | 0.881 | 969.57 | 0.039 | 0.742 94 | 2.028 | 2.639 | 1306.90 | 0.090 | 1.554
45 | 0.605 | 0.605 | 703.27 | 0.027 | 0.510 95 | 1.603 | 1.485 [ 1249.02| 0.071 | 1.275
46 | 0.982 | 0.982 [ 1046.00 | 0.044 | 0.824 06 | 1.864 | 1.761 | 1284.48 | 0.083 | 1.446
47 1 0.863 | 0.863 | 955.88 | 0.038 | 0.727 97 | 2.066 | 2.847 | 1312.85| 0.092 | 1.580
48 | 1.132 | 1.154 [ 1132.75| 0.050 | 0.938 08 | 1.761 | 1.587 | 1270.71| 0.078 | 1.379
49 | 0.973 | 0.973[1039.54| 0.043 | 0.817 99 | 1.934 | 1.576 | 1293.85| 0.086 | 1.492
50 | 0.689 | 0.689 [ 796.77 | 0.031 | 0.581 100 | 3.282 | 4.259 [ 1338.95 | 0.145 | 2.461
Vv : Maximum Base Shear

A : Maximum Roof Displacement

MIDR : Maximum Inter-Story Drift Ratio

NC : Not Considered
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MULTI MULTI
EQ PBmoet | Rvoem | V (KN) | A (m) NELZ)R EQ Bmorm | Rmuem | V (KN) [ A (m) NE(I)Z)R
1 [0.037]0.037| 44.69 | 0.002 | 0.029 51 | 1.432 | 1.447 [ 1102.83] 0.085 | 1.162
2 | 0.038]0.038] 45.68 | 0.002 | 0.030 52 | 1.696 | 1.638 [ 1171.90| 0.100 | 1.351
3 [ 0.122] 0.122 | 129.02 | 0.007 | 0.097 53 | 0.854 | 0.914 | 813.10 | 0.051 | 0.701
4 | 0.006 [ 0.096 | 102.19 | 0.006 | 0.076 54 | 1.525 | 1.530 [ 1129.05 | 0.090 | 1.229
5 | 0.103 | 0.103 | 109.55 | 0.006 | 0.081 55 | 0.997 | 1.261 | 899.94 | 0.059 | 0.820
6 | 0.311] 0.314 | 313.23 | 0.018 | 0.253 56 | 2.071 | 2.311 [ 1229.08 | 0.123 | 1.601
7 | 0.350] 0.376 | 358.68 | 0.021 | 0.292 57 | 0.933 ] 0.950 | 861.51 | 0.055 | 0.766
8 | 0.439 [ 0.473 | 434.97 | 0.026 | 0.358 58 | 1.747 | 2.329 | 1182.26 | 0.103 | 1.386
9 [ 0.497 [ 0.579 | 490.69 | 0.029 | 0.407 59 | 1.191 | 1.057 | 1008.18 | 0.070 | 0.978
10 | 0.474 | 0.485 | 468.64 | 0.028 | 0.387 60 | 0.711 | 0.708 | 691.55 | 0.042 | 0.583
11 | 0.366 | 0.373 | 365.19 | 0.022 | 0.298 61 | 0.881 | 0.919 | 829.43 | 0.052 | 0.723
12 | 0.390 | 0.413 | 388.47 | 0.023 | 0.318 62 | 1.380 | 1.877 | 1087.12| 0.082 | 1.125
13 | 0.445 | 0.416 | 441.00 | 0.026 | 0.363 63 | 1.368 | 1.879 | 1083.04 | 0.081 | 1.116
14 | 0.950 | 1.066 | 871.79 | 0.056 | 0.780 64 | 1.038 | 1.041 | 923.40 | 0.061 | 0.853
15 | 0.248 | 0.255 | 252.20 | 0.015 | 0.201 65 | 1.446 | 1.669 | 1106.79 | 0.086 | 1.172
16 | 0.512 | 0.543 | 504.72 | 0.030 | 0.419 66 | 1.824 | 2.671 | 1195.93 | 0.108 | 1.438
17 | 0.690 | 0.687 | 671.93 | 0.041 | 0.565 67 | 1.565 | 1.712 [ 1140.13 | 0.093 | 1.258
18 | 0.409 | 0.418 | 407.10 | 0.024 | 0.334 68 | 1.508 | 1.278 | 1124.39 | 0.089 | 1.217
19 | 0.819 | 0.813 | 788.81 | 0.048 | 0.671 69 | 1.699 | 2.377 [ 1172.36 | 0.101 | 1.352
20 | 0.787 | 0.788 | 761.93 | 0.047 | 0.645 70 | 1.652 | 1.659 | 1162.03 | 0.098 | 1.320
21 | 0.991 | 1.313 | 896.22 | 0.059 | 0.814 71 | 1.299 | 1.441 | 1057.72| 0.077 | 1.064
22 [ 0.831] 0.841 | 797.54 | 0.049 | 0.681 72 | 1.060 | 0.972 | 936.01 | 0.063 | 0.871
23 | 0.419 | 0.410 | 416.24 | 0.025 | 0.342 73 | 1.712 | 1.575 [ 1175.19| 0.101 | 1.361
24 | 0.388 | 0.413 | 386.85 | 0.023 | 0.317 74 | 2.118 [ 3.137 [ 1235.86 | 0.125 | 1.633
25 | 0.519 | 0.548 | 511.55 | 0.031 | 0.425 75 | 2.187 | 2.441 | 1247.26 | 0.129 | 1.679
26 | 1.387 | 1.375 [ 1089.40 | 0.082 | 1.130 76 | 1.262 | 1.525 | 1042.46 | 0.075 | 1.035
27 1 0.906 | 0.880 | 845.17 | 0.054 | 0.744 77 | 1.122 [ 0.999 | 971.09 | 0.066 | 0.922
28 | 0.736 | 0.711 | 714.36 | 0.044 | 0.603 78 | 2.560 | 2.544 | 1302.14 | 0.152 | 1.928
29 | 0.875 | 0.865 | 825.90 | 0.052 | 0.718 79 | 2.042 [ 1.908 [ 1225.14 | 0.121 | 1.582
30 | 0.345 ] 0.349 | 345.13 | 0.020 | 0.281 80 | 4.056 | 2.779 [ 1311.13| 0.240 | 2.941
31 | 0.755 | 0.752 | 731.86 | 0.045 | 0.618 81 | 2.344 | 2.586 | 1270.43 | 0.139 | 1.785
32 | 1.208 | 1.144 [ 1017.09] 0.072 | 0.993 82 | 2.728 | 2.275 [ 1324.83| 0.161 | 2.043
33 | 0.960 | 0.975 | 877.90 | 0.057 | 0.789 83 | 3.746 | 1.984 | 1314.61 | 0.222 | 2.734
34 | 0.668 | 0.696 | 650.99 | 0.040 | 0.547 84 | 1.717 | 2.221 [ 1176.22] 0.102 | 1.365
35 | 0.863 | 0.943 | 818.21 | 0.051 | 0.708 85 | 2.735 | 3.044 | 1325.37 | 0.162 | 2.047
36 | 1.111 | 1.303 | 964.79 | 0.066 | 0.913 86 | 1.345 | 1.397 | 1074.99 | 0.080 | 1.098
37 | 0.828 | 0.789 [ 795.48 | 0.049 | 0.679 87 | 2.434 | 2.727 [ 1283.33| 0.144 | 1.844
38 | 0.827 | 0.901 | 794.67 | 0.049 | 0.678 88 | 3.091 | 2.249 | 1337.61| 0.183 | 2.289
39 | 0.794 | 0.841 | 767.99 | 0.047 | 0.651 89 | 2.793 | 2.908 [ 1329.63 | 0.165 | 2.087
40 | 1.249 | 1.225 [ 1036.58 | 0.074 | 1.025 90 | 2.227 | 2.294 [ 1253.50| 0.132 | 1.706
41 | 1.245 | 1.310 [ 1035.09 | 0.074 | 1.022 91 | 2.935 | 2.645 | 1336.19| 0.174 | 2.183
42 | 1.398 | 2.257 [ 1092.63| 0.083 | 1.137 92 | 1.948 | 2.727 [ 1212.43] 0.115 | 1.520
43 | 1.230 | 1.105 | 1027.72| 0.073 | 1.010 93 | 2.729 | 2.141 | 1324.88| 0.162 | 2.043
44 | 0.920 | 0.939 | 853.49 | 0.054 | 0.755 94 | 4.155 | 3.039 | 1307.49 | 0.246 | 3.009
45 1 0.793 | 0.750 | 767.20 | 0.047 | 0.650 95 | 2.152 | 1.903 | 1241.42] 0.127 | 1.655
46 | 1.000 | 1.006 | 901.78 | 0.059 | 0.822 96 | 2.619 | 2.666 | 1311.85| 0.155 | 1.968
47 1 0.697 | 0.745 [ 678.33 | 0.041 | 0.571 97 | 2.751 | 3.058 [ 1326.58 | 0.163 | 2.058
48 | 1.274 | 1.116 | 1047.35| 0.075 | 1.044 08 | 3.011 | 3.235 | 1338.05| 0.178 | 2.235
49 | 1.284 | 1.308 [ 1051.73| 0.076 | 1.052 99 | 4.092 | 2.809 | 1312.83 | 0.242 | 2.967
50 | 1.101 | 1.011 | 958.86 | 0.065 | 0.905 100 | 5.192 | 4.510 | 1280.53 | 0.307 | 3.712
Vv : Maximum Base Shear

A : Maximum Roof Displacement

MIDR : Maximum Inter-Story Drift Ratio

NC : Not Considered
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ATC ATC
0 ware | Rure | vaw | amm | Moot || 0 ware | Rare | v | amm) | V2R
1 [0.037]0.037| 44.69 | 0.002 | 0.029 51 | 1.582 | 1.447 [ 1144.51| 0.094 | 1.270
2 | 0.038]0.038] 45.68 | 0.002 | 0.030 52 | 1.458 | 1.638 [ 1110.51| 0.086 | 1.181
3 [ 0.122] 0.122 | 129.02 | 0.007 | 0.097 53 | 0.914 | 0.914 | 850.02 | 0.054 | 0.750
4 | 0.006 [ 0.096 | 102.19 | 0.006 | 0.076 54 | 1.645 | 1.530 [ 1160.35| 0.097 | 1.315
5 | 0.103 | 0.103 | 109.55 | 0.006 | 0.081 55 | 1.221 | 1.261 | 1023.59 | 0.072 | 1.003
6 | 0.314 | 0.314 | 315.85 | 0.019 | 0.255 56 | 2.038 | 2.311 [ 1224.47| 0.121 | 1.579
7 | 0.376 | 0.376 | 375.36 | 0.022 | 0.307 57 | 0.950 | 0.950 | 871.92 | 0.056 | 0.780
8 | 0.473 [ 0.473 | 467.19 | 0.028 | 0.386 58 | 1.853 | 2.329 | 1201.05 | 0.110 | 1.458
9 [ 0579 0579 | 567.64 | 0.034 | 0.474 59 | 1.060 | 1.057 | 935.73 | 0.063 | 0.871
10 | 0.485 | 0.485 | 479.10 | 0.029 | 0.397 60 | 0.708 | 0.708 | 688.62 | 0.042 | 0.580
11 | 0.373 | 0.373 | 372.20 | 0.022 | 0.304 61 | 0.919 | 0.919 | 852.92 | 0.054 | 0.754
12 | 0.413 ] 0.413 | 410.29 0.024 | 0.337 62 | 1.551 | 1.877 | 1136.25| 0.092 1.248
13 | 0.416 | 0.416 | 413.63 | 0.025 | 0.340 63 | 1.457 | 1.879 | 1110.14 | 0.086 | 1.180
14 | 1.069 | 1.066 | 941.09 | 0.063 | 0.879 64 | 1.042 | 1.041 | 925.78 | 0.062 | 0.857
15 | 0.255 | 0.255 | 259.48 | 0.015 | 0.207 65 | 1.644 | 1.668 | 1160.12 | 0.097 | 1.314
16 | 0.543 | 0.543 | 534.09 | 0.032 | 0.444 66 | 1.610 | 2.671 | 1151.84 | 0.095 | 1.290
17 | 0.687 | 0.687 | 669.21 0.041 0.563 67 | 1.548 | 1.712 | 1135.38 | 0.092 1.246
18 | 0.418 | 0.418 | 415.16 | 0.025 | 0.341 68 | 1.298 | 1.278 | 1057.22 | 0.077 | 1.063
19 | 0.813 | 0.813 | 783.52 | 0.048 | 0.666 69 | 1.723 | 2.377 [ 1177.61| 0.102 | 1.369
20 | 0.788 | 0.788 | 762.23 | 0.047 | 0.645 70 | 1.720 | 1.659 | 1177.01 | 0.102 | 1.367
21 | 1.213 | 1.313 ] 1019.56| 0.072 0.997 71 | 1.265 | 1.441 | 1043.42 | 0.075 1.037
22 | 0.841 ] 0.841 | 804.20 | 0.050 | 0.689 72 | 0.972 [ 0.972 | 885.08 | 0.058 | 0.799
23 | 0.410 | 0.410 | 407.98 | 0.024 | 0.335 73 | 1.519 | 1.575 | 1127.31| 0.090 | 1.225
24 | 0.413 | 0.413 | 410.50 | 0.024 | 0.337 74 | 1.691 | 3.137 [ 1170.82 | 0.100 | 1.347
25 | 0.548 | 0.548 | 538.58 | 0.032 | 0.448 75 | 2.269 | 2.441 | 1259.55 | 0.134 | 1.734
26 | 1.459 | 1.375 [ 1110.61 | 0.086 | 1.182 76 | 1.652 | 1.525 [ 1161.98 | 0.098 | 1.320
27 | 0.880 | 0.880 | 828.86 | 0.052 | 0.722 77 | 0.999 [ 0.999 | 900.97 | 0.059 | 0.821
28 | 0.711 | 0.711 | 690.86 | 0.042 | 0.582 78 | 2.789 | 2.544 | 1329.34 | 0.165 | 2.084
29 | 0.865 | 0.865 | 819.38 | 0.051 | 0.709 79 | 1.683 | 1.908 [ 1168.98 | 0.100 | 1.341
30 | 0.349 | 0.349 | 349.20 | 0.021 | 0.284 80 | 3.902 | 2.779 [ 1312.38| 0.231 | 2.838
31 | 0.752 | 0.752 | 729.49 | 0.045 | 0.616 81 | 2.163 | 2.586 | 1243.31| 0.128 | 1.663
32 | 1.115| 1.144 | 966.75 0.066 0.916 82 | 2931 | 2.276 | 1336.08| 0.174 | 2.181
33 | 0.975] 0.975 | 886.73 | 0.058 | 0.801 83 | 3.391 | 1.984 | 1321.33| 0.201 | 2.491
34 | 0.696 | 0.696 | 676.97 | 0.041 | 0.570 84 | 1.668 | 2.221 [ 1165.76 | 0.099 | 1.331
35 | 0.943] 0.943 | 867.86 | 0.056 | 0.775 85 | 2.404 | 3.044 | 1279.05| 0.142 | 1.824
36 | 1.277 | 1.303 | 1048.74 | 0.076 | 1.047 86 | 1.456 | 1.397 | 1109.85 | 0.086 | 1.180
37 | 0.789 | 0.789 | 763.16 | 0.047 | 0.646 87 | 2.189 | 2.727 [ 1247.52] 0.130 | 1.681
38 | 0.901 | 0.901 | 842.24 | 0.053 | 0.740 88 | 2.906 | 2.249 [ 1335.12| 0.172 | 2.163
39 | 0.841 | 0.841 | 804.41 | 0.050 | 0.690 89 | 2.478 | 2.008 | 1289.54 | 0.147 | 1.874
40 | 1.231 | 1.225] 1028.52| 0.073 1.011 90 | 2.120 | 2.294 | 1236.14| 0.125 1.634
41 | 1.232 | 1.310 [ 1028.98 | 0.073 | 1.012 91 | 2.813 | 2.645 | 1330.81| 0.167 | 2.100
42 | 1.432| 2.257 [ 1102.65| 0.085 | 1.162 92 | 2.129 | 2.727 [ 1237.62| 0.126 | 1.640
43 | 1.116 | 1.105 | 967.63 0.066 0.917 93 | 2942 | 2.141 | 1336.46 | 0.174 | 2.188
44 | 0.939 | 0.939 | 865.48 | 0.056 | 0.771 94 | 3.954 | 3.039 | 1311.82| 0.234 | 2.872
45 1 0.750 | 0.750 | 727.97 | 0.044 | 0.615 95 | 1.956 | 1.903 [ 1213.30| 0.116 | 1.525
46 | 1.006 | 1.006 | 905.35 | 0.060 | 0.827 96 | 2.758 | 2.666 | 1327.11| 0.163 | 2.063
47 | 0.745 | 0.745 | 723.08 | 0.044 | 0.610 97 | 2.604 | 3.058 | 1309.44 | 0.154 | 1.958
48 | 1.127 | 1.116 | 973.86 0.067 0.927 98 | 2.938 | 3.235] 1336.31| 0.174 | 2.185
49 | 1.269 | 1.308 [ 1045.42 | 0.075 | 1.041 99 | 3.875 | 2.809 | 1312.57 | 0.229 | 2.820
50 | 1.011 | 1.011 | 907.90 | 0.060 | 0.831 100 | 4.732 | 4.510 | 1293.67 | 0.280 | 3.399
Vv : Maximum Base Shear

A : Maximum Roof Displacement

MIDR : Maximum Inter-Story Drift Ratio

NC : Not Considered
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FEMA FEMA
EQ Brema | Reema | V (KN) | A (M) NELZ)R EQ Bereva | Reema | V(KN) | A (m) NE(I)Z)R
1 [0.035] 0.035| 45.83 | 0.002 | 0.030 51 | 1.367 | 1.316 | 1124.58 | 0.089 | 1.218
2 [ 0.037]0.037| 47.92 | 0.002 | 0.032 52 | 1.440 | 1.576 | 1146.51| 0.094 | 1.275
3 | 0.127 [ 0.127 | 147.11 | 0.008 | 0.112 53 | 0.811 | 0.811 | 838.36 | 0.053 | 0.735
4 | 0.087 [ 0.087 | 102.48 | 0.006 | 0.076 54 | 1.488 | 1.378 [ 1159.73| 0.097 | 1.313
5 | 0.098 | 0.098 | 115.67 | 0.006 | 0.086 55 | 1.182 | 1.197 | 1059.62 | 0.077 | 1.068
6 | 0.237 | 0.237 | 264.98 | 0.015 | 0.212 56 | 1.965 | 2.245 [ 1244.14| 0.128 | 1.667
7 | 0.339]0.339| 373.72 | 0.022 | 0.305 57 | 0.921 [ 0.921 | 911.46 | 0.060 | 0.836
8 | 0.379 | 0.379 | 415.17 | 0.025 | 0.341 58 | 1.893 | 2.388 | 1231.60| 0.124 | 1.613
9 [ 0.493[ 0.493 | 534.31 | 0.032 | 0.445 59 | 1.028 | 1.028 | 978.16 | 0.067 | 0.933
10 | 0.460 | 0.460 | 499.88 | 0.030 | 0.415 60 | 0.654 | 0.654 | 701.29 | 0.043 | 0.591
11 | 0.317 [ 0.317 | 349.97 | 0.021 | 0.285 61 | 0.905 | 0.905 | 900.71 | 0.059 | 0.821
12 | 0.344 [ 0.344 | 378.91 | 0.022 | 0.310 62 | 1.606 | 1.828 [ 1186.91 | 0.105 | 1.403
13 | 0.432 | 0.432 | 471.01 | 0.028 | 0.389 63 | 1.329 | 1.725 | 1113.02 | 0.087 | 1.188
14 | 0.955 [ 0.955 | 932.69 | 0.062 | 0.867 64 | 0.967 | 0.967 | 939.96 | 0.063 | 0.877
15 | 0.228 | 0.228 | 256.00 | 0.015 | 0.204 65 | 1.447 | 1.410 | 1148.50 | 0.095 | 1.281
16 | 0.503 | 0.503 | 545.47 | 0.033 | 0.454 66 | 1.494 | 2.355 | 1161.13 | 0.098 | 1.317
17 | 0.709 [ 0.709 | 757.53 | 0.046 | 0.641 67 | 1.487 | 1.679 [ 1159.36 | 0.097 | 1.312
18 | 0.427 | 0.427 | 465.88 | 0.028 | 0.385 68 | 1.254 | 1.380 | 1088.29 | 0.082 | 1.127
19 | 0.797 [ 0.797 | 828.62 | 0.052 | 0.722 69 | 1.667 | 2.248 [ 1198.67 | 0.109 | 1.448
20 | 0.723 | 0.723 | 771.40 | 0.047 | 0.654 70 | 1.674 | 1.497 | 1199.97 | 0.109 | 1.454
21 | 1.048 | 1.047 [ 990.53 | 0.068 | 0.951 71 | 1.279 | 1.278 | 1096.76 | 0.084 | 1.147
22 [ 0.795 | 0.795 | 827.15 | 0.052 | 0.720 72 | 0.985 [ 0.985 | 951.11 | 0.064 | 0.893
23 | 0.393 | 0.393 | 430.48 | 0.026 | 0.354 73 | 1.543 | 1.603 | 1173.22| 0.101 | 1.355
24 | 0.352 | 0.352 | 387.33 | 0.023 | 0.317 74 | 1.635 | 2.897 [ 1192.52| 0.107 | 1.425
25 | 0.523 | 0.523 | 565.75 | 0.034 | 0.472 75 | 2.125 | 2.390 | 1270.45 | 0.139 | 1.785
26 | 1.345 | 1.294 [ 1117.85| 0.088 | 1.200 76 | 1.317 | 1.326 [ 1109.21 | 0.086 | 1.178
27 | 0.881 ] 0.881 | 885.34 | 0.058 | 0.799 77 | 0.862 [ 0.862 | 872.93 | 0.056 | 0.782
28 | 0.679 | 0.679 | 727.01 | 0.044 | 0.614 78 | 2.601 | 2.579 | 1333.68 | 0.170 | 2.140
29 | 0.830 | 0.830 | 851.41 | 0.054 | 0.752 79 | 1.689 | 1.945 [ 1202.56 | 0.110 | 1.465
30 | 0.309 | 0.309 [ 342.21 | 0.020 | 0.278 80 | 3.551 | 2.667 | 1312.23| 0.232 | 2.849
31 | 0.708 | 0.708 | 756.71 | 0.046 | 0.640 81 | 2.065 | 2.412 | 1260.98 | 0.135 | 1.741
32 | 1.147 | 1.219[ 1043.81] 0.075 | 1.038 82 | 2.385 [ 2.317 [ 1314.04| 0.156 | 1.977
33 | 0.892 | 0.892 [ 892.25 | 0.058 | 0.809 83 | 3.126 | 1.950 | 1318.89 | 0.204 | 2.533
34 | 0.649 | 0.649 | 696.52 | 0.042 | 0.587 84 | 1.570 | 2.066 | 1179.61 | 0.103 | 1.376
35 | 0.927 | 0.927 [ 915.23 | 0.061 | 0.841 85 | 2.349 | 2.750 | 1307.41 | 0.153 | 1.950
36 | 1.242 | 1.219 [ 1083.75| 0.081 | 1.117 86 | 1.391 | 1.394 | 1131.78| 0.091 | 1.236
37 | 0.784 | 0.784 | 819.52 | 0.051 | 0.709 87 | 2.090 | 2.767 [ 1265.01 | 0.137 | 1.759
38 | 0.851 | 0.851 | 865.25 | 0.056 | 0.771 88 | 2.819 | 2.266 | 1336.86 | 0.184 | 2.302
39 | 0.735| 0.735 | 782.33 | 0.048 | 0.665 89 | 2.487 | 2.213 | 1326.08 | 0.162 | 2.054
40 | 1.237 | 1.207 [ 1081.86| 0.081 | 1.113 90 | 2.037 | 2.318 [ 1256.56 | 0.133 | 1.720
41 | 1.253 | 1.261 [ 1088.12| 0.082 | 1.127 91 | 2.692 | 2.610 | 1337.41| 0.176 | 2.208
42 | 1.367 | 1.822 [ 1124.43] 0.089 | 1.217 92 | 2114 2.799 [ 1268.81 | 0.138 | 1.777
43 | 1.130 | 1.117 | 1035.98 | 0.074 | 1.024 93 | 2.475 | 2.073 | 1325.08 | 0.162 | 2.045
44 | 0.899 | 0.899 | 896.80 | 0.059 | 0.815 94 | 3.558 | 2.837 | 1312.14 | 0.232 | 2.854
45 | 0.764 | 0.764 | 806.17 | 0.050 | 0.692 95 | 1.866 | 1.865 | 1227.51 | 0.122 | 1.594
46 | 0.936 | 0.936 | 920.74 | 0.061 | 0.849 96 | 2.672 | 2.634 | 1336.70| 0.175 | 2.193
47 1 0.679 | 0.679 | 726.99 | 0.044 | 0.614 97 | 2.485 | 3.109 | 1325.94 | 0.162 | 2.052
48 | 1.211 | 1.188 | 1071.82| 0.079 | 1.092 08 | 2.880 | 3.221 | 1330.28 | 0.188 | 2.346
49 | 1.269 | 1.305 [ 1093.30| 0.083 | 1.139 99 | 3.650 | 2.620 | 1311.56 | 0.238 | 2.922
50 | 1.000 | 1.000 [ 960.52 | 0.065 | 0.907 100 | 4.387 | 4.119 | 1292.05 | 0.287 | 3.473
Vv : Maximum Base Shear

A : Maximum Roof Displacement

MIDR : Maximum Inter-Story Drift Ratio

NC : Not Considered




Table A.3.12 Results of SDOF Analyses of Frame ‘F3S2B’

(75%VYy ldealization Method)
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75%Vy 75%Vy
EQ K 750wy | Rzswevy | V (KN) | A (m) NELZ)R EQ B 7506wy | Rzsoevy | V (KN) [ A (m) NE(I)Z)R
1 [0.031]0.031| 44.33 | 0.002 | 0.029 51 | 1.228 | 1.240 [ 1107.01| 0.086 | 1.173
2 [ 0.035]0.035] 49.13 | 0.002 | 0.033 52 | 1.387 | 1.592 | 1157.73| 0.097 | 1.307
3 | 0.129 [ 0.129 | 159.43 | 0.009 | 0.122 53 | 0.741 | 0.741 | 824.52 | 0.052 | 0.716
4 [ 0.081] 0.081] 101.98 | 0.006 | 0.076 54 | 1.347 | 1.284 [ 1145.79| 0.094 | 1.273
5 | 0.094 | 0.094 | 118.52 | 0.007 | 0.089 55 | 1.077 | 1.125 | 1045.31 | 0.075 | 1.041
6 | 0.193 ] 0.193 | 232.36 | 0.013 | 0.184 56 | 1.927 | 2.153 [ 1259.65| 0.134 | 1.734
7 | 0322 0.322| 378.43 | 0.022 | 0.309 57 | 0.883 | 0.883 | 924.55 | 0.062 | 0.855
8 | 0.327 [ 0.327 | 383.92 | 0.023 | 0.314 58 | 1.768 | 2.351 | 1230.81 | 0.123 | 1.609
9 | 0.464 [ 0.464 | 537.17 | 0.032 | 0.447 59 | 1.016 | 1.016 [ 1011.45| 0.071 | 0.984
10 | 0.422 | 0.422 | 490.75 | 0.029 | 0.407 60 | 0.634 | 0.634 | 724.47 | 0.044 | 0.612
11 | 0.266 | 0.266 | 314.64 | 0.019 | 0.254 61 | 0.843 | 0.843 | 897.31 | 0.059 | 0.816
12 | 0.349 | 0.349 | 408.86 | 0.024 | 0.336 62 | 1.588 | 1.687 | 1203.67 | 0.111 | 1.470
13 | 0.448 | 0.448 | 519.27 | 0.031 | 0.431 63 | 1.215 | 1.572 | 1102.50 | 0.085 | 1.162
14 | 0.836 | 0.836 | 892.80 | 0.058 | 0.810 64 | 0.986 | 0.986 | 993.35 | 0.069 | 0.955
15 | 0.215 | 0.215 | 257.42 | 0.015 | 0.205 65 | 1.318 | 1.286 | 1136.63 | 0.092 | 1.249
16 | 0.475 | 0.475 | 549.74 | 0.033 | 0.458 66 | 1.491 | 2.131 | 1183.98 | 0.104 | 1.392
17 | 0.738 [ 0.738 | 822.75 | 0.051 | 0.714 67 | 1.439 | 1.659 | 1171.64 | 0.100 | 1.350
18 | 0.434 | 0.434 | 503.67 | 0.030 | 0.418 68 | 1.257 | 1.439 | 1116.66 | 0.088 | 1.197
19 | 0.797 [ 0.797 | 865.01 | 0.056 | 0.771 69 | 1.602 | 2.085 [ 1205.81 | 0.112 | 1.480
20 | 0.701 | 0.701 | 794.17 | 0.049 | 0.677 70 | 1.573 | 1.445 | 1201.01 | 0.110 | 1.458
21 | 0.980 | 0.980 | 989.04 | 0.068 | 0.949 71 | 1.208 | 1.189 | 1100.04 | 0.084 | 1.156
22 | 0.813] 0.813 | 876.74 | 0.057 | 0.787 72 | 0.986 [ 0.986 | 993.11 | 0.069 | 0.955
23 | 0.398 | 0.398 | 463.43 | 0.028 | 0.383 73 | 1.568 | 1.606 | 1200.04 | 0.109 | 1.454
24 | 0.317 | 0.317 | 372.16 | 0.022 | 0.304 74 | 1.633 | 2.675 [ 1209.88 | 0.114 | 1.504
25 | 0.514 | 0.514 | 592.58 | 0.036 | 0.496 75 | 2.035 | 2.338 | 1278.08 | 0.142 | 1.820
26 | 1.257 | 1.227 [ 1116.74| 0.088 | 1.197 76 | 1.140 | 1.201 | 1074.28 | 0.079 | 1.097
27 1 0.921 ] 0.921 | 949.83 | 0.064 | 0.892 77 | 0.867 | 0.867 | 913.95 | 0.060 | 0.840
28 | 0.658 | 0.658 | 751.24 | 0.046 | 0.635 78 | 2.461 | 2.529 | 1334.84 | 0.172 | 2.159
29 | 0.799 | 0.799 | 866.66 | 0.056 | 0.773 79 | 1.691 | 1.961 [ 1217.90 | 0.118 | 1.549
30 | 0.284 | 0.284 | 336.03 | 0.020 | 0.273 80 | 3.376 | 2.621 | 1311.82| 0.235 | 2.888
31 | 0.687 | 0.687 | 781.11 | 0.048 | 0.664 81 | 2.015 | 2.267 | 1274.58 | 0.140 | 1.804
32 | 1.088 | 1.202 [ 1050.40| 0.076 | 1.050 82 | 2.180 | 2.242[ 1303.56 | 0.152 | 1.934
33 | 0.835| 0.835 | 892.22 | 0.058 | 0.809 83 | 2.980 | 1.920 | 1318.57 | 0.208 | 2.575
34 | 0.648 | 0.648 | 740.13 | 0.045 | 0.626 84 | 1.514 | 1.961 | 1188.76 | 0.106 | 1.410
35 | 0.828 | 0.828 | 887.01 | 0.058 | 0.801 85 | 2.281 | 2.537 [ 1321.00| 0.159 | 2.015
36 | 1.171 | 1.158 | 1086.68 | 0.082 | 1.124 86 | 1.322 | 1.310 | 1137.82 | 0.092 | 1.252
37 | 0.768 | 0.768 | 844.56 | 0.054 | 0.743 87 | 2.058 | 2.779 [ 1281.91| 0.144 | 1.838
38 | 0.787 | 0.787 | 857.85 | 0.055 | 0.761 88 | 2.757 | 2.280 | 1327.85| 0.192 | 2.393
39 | 0.755 | 0.755 | 834.95 | 0.053 | 0.730 89 | 2.488 | 2.180 | 1336.04 | 0.173 | 2.180
40 | 1.205 | 1.180 [ 1098.99 | 0.084 | 1.153 90 | 1.979 | 2.306 | 1268.41| 0.138 | 1.775
41 | 1.317 | 1.233[ 1136.20| 0.092 | 1.248 91 | 2.599 | 2.582 | 1338.06 | 0.181 | 2.269
42 | 1.290 | 1.793 [ 1127.52] 0.090 | 1.225 92 | 2.064 | 2.799 [ 1282.99 | 0.144 | 1.843
43 | 1.129 | 1.118 | 1069.72 | 0.079 | 1.088 93 | 2.195 | 2.031 | 1306.35| 0.153 | 1.946
44 | 0.909 | 0.909 | 941.94 | 0.063 | 0.880 94 | 3.312 | 2.793 [ 1312.39| 0.231 | 2.837
45 1 0.779 | 0.779 | 852.39 | 0.054 | 0.754 95 | 1.830 | 1.835 | 1242.11| 0.128 | 1.658
46 | 0.908 | 0.908 | 941.66 | 0.063 | 0.880 96 | 2.602 | 2.503 | 1338.04 | 0.181 | 2.271
47 1 0.709 | 0.709 | 800.24 | 0.049 | 0.685 97 | 2.536 | 3.210 | 1337.84 | 0.177 | 2.219
48 | 1.241 | 1.213 [ 1111.71| 0.087 | 1.184 08 | 2.844 | 3.004 | 1323.36 | 0.198 | 2.463
49 | 1.242 | 1.287 [ 1111.90| 0.087 | 1.185 99 | 3.542 | 2.511 | 1306.49 | 0.247 | 3.022
50 | 0.988 | 0.988 [ 994.21 | 0.069 | 0.956 100 | 4.190 | 3.960 | 1289.48 | 0.292 | 3.538
Vv : Maximum Base Shear

A : Maximum Roof Displacement

MIDR : Maximum Inter-Story Drift Ratio

NC : Not Considered




Table A.3.13 Results of SDOF Analyses of Frame ‘F552B’
(MULTI Idealization Method)

MULTI MULTI
EQ PBmoet | Rvoem | V (KN) | A (m) NELZ)R EQ Bmorm | Rmuem | V (KN) [ A (m) NE(I)Z)R
1 [ 0.026 | 0.026 | 18.95 | 0.002 | 0.016 51 | 2.084 | 1.693 | 754.76 | 0.146 | 1.430
2 [ 0.045]0.045| 32.74 | 0.003 | 0.027 52 | 2371 2.190 | 766.42 | 0.166 | 1.649
3 | 0.218[ 0.216 | 150.76 | 0.015 | 0.130 53 | 0.743 | 0.712 | 427.60 | 0.052 | 0.466
4 [ 0.087 [ 0.087| 64.26 | 0.006 | 0.052 54 | NC NC NC NC NC
5 | 0.182 ] 0.182 | 128.48 | 0.013 | 0.107 55 | 1.255 | 1.197 | 667.35 | 0.088 | 0.791
6 | 0.164 | 0.164 | 117.68 | 0.012 | 0.097 56 | 3.148 | 2.878 | 787.25 | 0.221 | 2.228
7 | 0.407 ] 0.441] 256.00 | 0.029 | 0.251 57 | 0.784 [ 0.980 | 447.99 | 0.055 | 0.492
8 | 0.520 | 0.548 | 314.58 | 0.036 | 0.323 58 | 2.783 | 2.715 | 777.60 | 0.195 | 1.954
9 | 0.648 [ 0.782 | 380.02 | 0.045 | 0.405 59 | 5.406 | 2.318 | 777.44 | 0.379 | 3.982
10 | 0.456 | 0.629 | 281.63 | 0.032 | 0.283 60 | 1.244 | 1.121 | 663.53 | 0.087 | 0.784
11 | 0.322 [ 0.359 | 209.77 | 0.023 | 0.196 61 | 1.228 | 1.010 | 657.45 | 0.086 | 0.773
12 | 0.583 | 0.585 | 346.93 | 0.041 | 0.364 62 | 2.250 | 2.656 | 762.02 | 0.158 | 1.557
13 | 1.029 | 0.971 | 568.22 | 0.072 | 0.647 63 | 3.077 | 2.329 | 785.55 | 0.216 | 2.174
14 | 1.346 | 1.055 | 695.45 | 0.095 | 0.859 64 | 2.237 | 1.667 | 761.53 | 0.157 | 1.548
15 | 0.182 | 0.189 | 128.95 | 0.013 | 0.108 65 | 0.999 | 0.746 | 554.06 | 0.070 | 0.628
16 | 0.572 | 0.555 | 341.67 | 0.040 | 0.357 66 | 2.325 | 2.041 | 764.81 | 0.163 | 1.614
17 | 0.653 | 0.584 | 382.76 | 0.046 | 0.409 67 | 3.093 | 2.772| 785.94 | 0.217 | 2.187
18 | 0.430 | 0.620 | 268.17 | 0.030 | 0.266 68 | 1.659 | 1.945 | 737.18 | 0.116 | 1.109
19 | 1.318 | 1.115 | 687.36 | 0.093 | 0.838 69 | 3.176 | 2.801 | 787.89 | 0.223 | 2.250
20 | 1.945 | 1.110 | 747.83 | 0.137 | 1.326 70 | 3.460 | 2.523 | 793.14 | 0.243 | 2.467
21 | 0.943 | 1.071 | 526.71 | 0.066 | 0.593 71 | 1.378 | 1.879 | 702.91 | 0.097 | 0.883
22 | 1.209 | 1.216 | 650.30 | 0.085 | 0.760 72 | 1.456 | 1.253 | 717.26 | 0.102 | 0.945
23 | 0.562 | 0.650 | 336.56 | 0.039 | 0.351 73 | 2.828 | 3.562 | 778.92 | 0.199 | 1.988
24 | 0.269 | 0.338 | 180.08 | 0.019 | 0.162 74 | 2173 | 2.105 | 759.01 | 0.153 | 1.499
25 | 0.711 | 0.683 | 411.72 | 0.050 | 0.446 75 | 3.675 | 2.352 | 796.86 | 0.258 | 2.630
26 | 1.475 | 1.809 [ 720.03 | 0.104 | 0.960 76 | 1.605 | 1.391 | 733.16 | 0.113 | 1.066
27 | 1.057 | 1.132| 581.77 | 0.074 | 0.665 77 | 6.309 | 2.945 | 777.74 | 0.443 | 4.747
28 | 1.403 | 0.907 | 708.17 | 0.098 | 0.903 78 | 3.157 | 2.167 | 787.46 | 0.222 | 2.235
29 | 1.456 | 1.235 | 717.25 | 0.102 | 0.945 79 | 2.099 | 3.682 | 755.51 | 0.147 | 1.442
30 | 0.236 | 0.266 | 161.34 | 0.017 | 0.141 80 | 3.522 | 4578 | 794.29 | 0.247 | 2.513
31 | 1.277 | 1.802 | 674.62 | 0.090 | 0.808 81 | NC NC NC NC NC
32 [ 1.140 | 1.253 | 620.58 | 0.080 | 0.716 82 | 4.484 | 4.150 | 793.59 | 0.315 | 3.249
33 | 0.611 | 0.660 | 361.29 | 0.043 | 0.382 83 | 3.476 | 5.791 | 793.43 | 0.244 | 2.478
34 | 0.683 | 0.607 | 397.60 | 0.048 | 0.428 84 | 1.723 [ 2.020 | 740.84 | 0.121 | 1.158
35 | 1.047 | 0.894 | 577.02 | 0.074 | 0.658 85 | 4.293 | 2.528 | 793.25 | 0.301 | 3.097
36 | 0.866 | 1.109 | 488.53 | 0.061 | 0.543 86 | 2.639 | 2.031 | 772.73 | 0.185 | 1.847
37 | 2.150 | 2.087 | 757.93 | 0.151 | 1.481 87 | 3.078 | 4.339 | 785.59 | 0.216 | 2.176
38 | 1.348 | 1.595 | 695.83 | 0.095 | 0.860 88 | 3.032 | 3.511 | 784.48 | 0.213 | 2.141
39 | 0.394 | 0.453 | 248.72 | 0.028 | 0.242 89 | 3.102 | 2.702 | 786.15 | 0.218 | 2.193
40 | 1.413 ] 1.220 | 709.95 | 0.099 | 0.911 90 | 2.338 | 3.073 [ 765.29 | 0.164 | 1.624
41 | 1.920 | 1.954 | 746.73 | 0.135 | 1.308 91 | 5.277 | 4.470 | 772.81 | 0.370 | 3.886
42 1 0.923 | 1.156 | 516.92 | 0.065 | 0.580 92 | 2.238 | 2.588 | 761.54 | 0.157 | 1.548
43 | 2.100 | 2.110 | 755.54 | 0.147 | 1.443 03 | 4.986 | 3.814 | 783.00 | 0.350 | 3.648
44 | 1.574 | 1.228 | 730.46 | 0.110 | 1.040 94 | 3.168 | 5.220 | 787.73 | 0.222 | 2.244
45 | 1533 | 1.003 | 726.78 | 0.108 | 1.007 95 | 3.759 | 4.190 | 797.99 | 0.264 | 2.694
46 | 0.564 | 0.589 | 337.19 | 0.040 | 0.352 96 | 2.827 | 4.021 | 778.89 | 0.198 | 1.987
47 1 0.997 | 0.685 | 553.18 | 0.070 | 0.627 97 | 1.830 | 4.421 | 742.50 | 0.128 | 1.240
48 | 1.222 | 0.961 | 655.14 | 0.086 | 0.769 08 | 2.669 | 4.715 | 773.89 | 0.187 | 1.869
49 | 1.512 | 1.301 | 724.51 | 0.106 | 0.990 99 | 3.032 | 4.737 | 784.48 | 0.213 | 2.141
50 | 2.395 | 2.289 | 767.19 | 0.168 | 1.666 100 | 3.116 | 5.082 | 786.50 | 0.219 | 2.204
Vv : Maximum Base Shear

A : Maximum Roof Displacement

MIDR : Maximum Inter-Story Drift Ratio
NC : Not Considered
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Table A.3.14 Results of SDOF Analyses of Frame ‘F552B’
(ATC ldealization Method)

ATC ATC
0 ware | Rure | vaw | amm | Moot || 0 ware | Rare | v | amm) | V2R
1 [ 0.026 | 0.026 | 18.94 | 0.002 | 0.016 51 | 1.865 | 1.693 | 744.07 | 0.131 | 1.266
2 0.045 | 0.045 32.72 0.003 | 0.027 52 | 2296 | 2.191 | 763.74 0.161 1.592
3 | 0.216 | 0.216 | 149.25 | 0.015 | 0.128 53 | 0.712 | 0.712 | 412.24 | 0.050 | 0.446
4 [ 0.087 [ 0.087| 64.28 | 0.006 | 0.052 54 | NC NC NC NC NC
5 | 0.183 ] 0.183 | 129.08 | 0.013 | 0.108 55 | 1.148 | 1.197 | 624.17 | 0.081 | 0.721
6 | 0.164 | 0.164 | 117.71 | 0.012 | 0.097 56 | 2.755 | 2.878 | 776.74 | 0.193 | 1.933
7 | 0.442] 0.442| 274.02 | 0.031 | 0.273 57 | 0.980 | 0.980 | 544.88 | 0.069 | 0.616
8 | 0.548 | 0.548 | 329.32 | 0.038 | 0.342 58 | 1.960 | 2.717 | 748.49 | 0.138 | 1.337
9 [0.782] 0.782 | 447.22 | 0.055 | 0.491 59 | 4.662 | 2.318 | 788.79 | 0.327 | 3.391
10 | 0.630 | 0.630 | 370.77 | 0.044 | 0.394 60 | 1.173 | 1.121 | 635.70 | 0.082 | 0.737
11 | 0.359 | 0.359 | 230.15 | 0.025 | 0.220 61 | 1.011 | 1.011 | 559.63 | 0.071 | 0.635
12 | 0.585 [ 0.585 | 348.35 | 0.041 | 0.366 62 | 2.948 | 2.657 | 782.30 | 0.207 | 2.078
13 | 0.971 | 0.971 | 540.23 | 0.068 | 0.610 63 | 3.422 | 2.328 | 792.41 | 0.240 | 2.438
14 | 1.058 | 1.055 | 581.79 | 0.074 | 0.665 64 | 2.032 | 1.667 | 752.10 | 0.143 | 1.391
15 | 0.189 | 0.189 | 133.26 | 0.013 | 0.112 65 | 0.746 | 0.746 | 429.09 | 0.052 | 0.468
16 | 0.555 | 0.555 | 332.57 | 0.039 | 0.346 66 | 2.580 | 2.043 | 770.45 | 0.181 | 1.803
17 | 0.584 [ 0.584 | 347.69 | 0.041 | 0.365 67 | 3.183 | 2.773 | 788.05 | 0.223 | 2.255
18 | 0.621 | 0.621 | 366.45 | 0.044 | 0.388 68 | 1.759 | 1.946 | 741.72 | 0.124 | 1.186
19 | 1.119 | 1.114 | 610.95 | 0.079 | 0.703 69 | 3.572 | 2.803 | 795.17 | 0.251 | 2.552
20 | 1.114 | 1.110 | 608.46 | 0.078 | 0.700 70 | 2.722 | 2523 775.73 | 0.191 | 1.909
21 | 1.051 | 1.071 | 578.84 | 0.074 | 0.661 71 | 1.964 | 1.880 | 748.68 | 0.138 | 1.340
22 | 1.246 | 1.216 | 664.32 | 0.088 | 0.786 72 | 1.287 [ 1.253 | 677.69 | 0.090 | 0.815
23 | 0.650 | 0.650 | 380.97 | 0.046 | 0.407 73 | 2.329 | 3.562 | 764.96 | 0.164 | 1.617
24 | 0.339 | 0.339 | 218.99 | 0.024 | 0.207 74 | 2.629 | 2.105 | 772.38 | 0.185 | 1.840
25 | 0.683 | 0.683 | 397.79 | 0.048 | 0.428 75 | 4593 | 2.353 | 789.50 | 0.322 | 3.336
26 | 1.395 | 1.809 [ 706.73 | 0.098 | 0.897 76 | 1.315 | 1.391 | 686.36 | 0.092 | 0.836
27 | 1.142 |1 1.132 | 621.42 0.080 | 0.717 77 | 6.756 | 2.945 | 786.89 0.474 5.123
28 | 0.907 | 0.907 | 508.99 | 0.064 | 0.570 78 | 3.529 | 2.166 | 794.42 | 0.248 | 2.519
29 | 1.340 | 1.236 | 693.84 | 0.094 | 0.855 79 | 2.258 [ 3.683 | 762.34 | 0.159 | 1.563
30 | 0.266 | 0.266 | 178.37 | 0.019 | 0.160 80 | 3.391 | 4581 | 791.81 | 0.238 | 2.414
31| 1.668 | 1.802 | 737.76 0.117 1.116 81 NC NC NC NC NC
32 [ 1.300 | 1.253 | 681.87 | 0.091 | 0.825 82 | 3.502 | 4.163 | 793.92 | 0.246 | 2.498
33 | 0.660 | 0.660 | 386.22 | 0.046 | 0.413 83 | 3.888 | 5.792 | 795.29 | 0.273 | 2.792
34 | 0.607 | 0.607 | 359.45 | 0.043 | 0.380 84 | 1.675 | 2.022 | 738.20 | 0.118 | 1.121
35 | 0.894 | 0.894 | 502.47 | 0.063 | 0.561 85 | 4.153 | 2.530 | 800.15 | 0.292 | 2.990
36 | 1.116 | 1.109 | 609.59 | 0.078 | 0.701 86 | 2.202 | 2.030 | 760.34 | 0.155 | 1.521
37 | 2.286 | 2.088 | 763.37 | 0.160 | 1.584 87 | 2.769 | 4.340 [ 777.19 | 0.194 | 1.944
38 | 1.362 | 1.595 | 699.08 | 0.096 | 0.871 88 | 2.885 | 3.512 | 780.56 | 0.203 | 2.031
39 | 0.453 | 0.453 | 280.00 | 0.032 | 0.280 89 | 3.082 | 2.701 | 785.67 | 0.216 | 2.178
40 | 1.123 | 1.220 | 612.85 | 0.079 | 0.706 90 | 2.628 | 3.075 | 772.35 | 0.185 | 1.839
41 | 1.724 | 1.953 | 740.87 0.121 1.159 91 | 5.477 | 4.470 | 777.91 0.384 | 4.035
42 | 1.167 | 1.157 | 633.12 | 0.082 | 0.733 92 [ 2.011 | 2.588 | 750.99 | 0.141 | 1.375
43 | 1.745 | 2.111 | 741.79 0.123 1.175 93 | 5.252 | 3.813 | 779.52 0.369 | 3.861
44 | 1.464 | 1.227 | 718.52 | 0.103 | 0.951 94 | 4153 | 5.219 | 800.15 | 0.292 | 2.990
45 | 1.666 | 1.903 | 737.65 0.117 1.114 95 | 3.402 | 4.192 | 792.03 0.239 2.423
46 | 0.589 | 0.589 | 350.16 | 0.041 | 0.368 96 | 2.495 | 4.021 | 770.21 | 0.175 | 1.741
47 1 0.685 | 0.685 | 398.88 | 0.048 | 0.429 97 | 2.442 | 4.426 | 768.65 | 0.171 | 1.701
48 | 0.961 | 0.961 | 535.44 0.067 0.604 98 | 2.821 | 4.719 | 778.72 0.198 1.983
49 | 1.293 | 1.301 | 679.52 | 0.091 | 0.819 99 | 2.853 | 4.737 | 779.66 | 0.200 | 2.007
50 | 2.337 | 2.288 | 765.24 0.164 1.623 100 | 2.676 | 5.084 | 774.18 0.188 1.875
Vv : Maximum Base Shear

A : Maximum Roof Displacement

MIDR : Maximum Inter-Story Drift Ratio
NC : Not Considered
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Table A.3.15 Results of SDOF Analyses of Frame ‘F552B’
(FEMA ldealization Method)

FEMA FEMA
EQ Brema | Reema | V (KN) | A (M) NELZ)R EQ Bereva | Reema | V(KN) | A (m) NE(I)Z)R
1 [0.031]0.031| 30.36 | 0.003 | 0.025 51 | 1.740 | 1.741 | 766.40 | 0.166 | 1.648
2 [ 0.051]0.051| 51.48 | 0.005 | 0.042 52 | 1.761 | 1.954 | 767.36 | 0.168 | 1.670
3 | 0.190 [ 0.190 | 174.67 | 0.018 | 0.156 53 | 0.633 | 0.633 | 487.00 | 0.061 | 0.541
4 [ 0.060[ 0.060| 60.29 | 0.006 | 0.049 54 | NC NC NC NC NC
5 | 0.154 | 0.154 | 145.65 | 0.015 | 0.125 55 | 1.066 | 1.064 | 716.77 | 0.102 | 0.943
6 | 0.111 ] 0.111 | 109.23 | 0.011 | 0.090 56 | 2.094 | 2.535 [ 779.68 | 0.200 | 2.008
7 | 0.405] 0.405| 331.13 | 0.039 | 0.344 57 | 0.822 [ 0.822 [ 611.52 | 0.079 | 0.704
8 | 0.718 [ 0.718 | 543.74 | 0.069 | 0.615 58 | 2.283 | 2.426 | 786.39 | 0.218 | 2.201
9 | 0.448 | 0.448 | 360.90 | 0.043 | 0.381 59 | 4.187 | 2.329 | 778.69 | 0.401 | 4.208
10 | 0.350 | 0.350 | 292.51 | 0.033 | 0.296 60 | 1.162 | 1.151 | 731.28 | 0.111 | 1.048
11 | 0.238 [ 0.238 | 211.35 | 0.023 | 0.198 61 | 1.164 | 1.150 | 731.50 | 0.111 | 1.050
12 | 0.583 | 0.583 | 452.99 | 0.056 | 0.498 62 | 1.831 | 2.042 | 770.20 | 0.175 | 1.740
13 | 0.969 | 0.969 | 688.10 | 0.093 | 0.840 63 | 3.122 | 2.116 | 794.10 | 0.299 | 3.067
14 | 1.142 | 1.126 | 728.91 | 0.109 | 1.026 64 | 1.606 | 1.424 | 759.70 | 0.154 | 1.510
15 | 0.193 | 0.193 | 176.59 | 0.018 | 0.158 65 | 0.850 | 0.850 | 629.22 | 0.081 | 0.728
16 | 0.432 | 0.432 | 350.16 | 0.041 | 0.368 66 | 1.881 | 1.723 | 770.11 | 0.180 | 1.791
17 | 0.756 | 0.756 | 568.70 | 0.072 | 0.647 67 | 2515 | 2.031 | 792,51 | 0.241 | 2.442
18 | 0.334 | 0.334 | 281.33 | 0.032 | 0.282 68 | 1.440 | 1.500 | 748.62 | 0.138 | 1.339
19 | 1.183 | 1.267 | 733.71 | 0.113 | 1.071 69 | 2.763 | 2.153 | 798.07 | 0.264 | 2.699
20 | 1.327 | 1.253 | 741.53 | 0.127 | 1.223 70 | 2.538 | 2.337 | 793.10 | 0.243 | 2.465
21 | 0.763 | 0.763 | 573.46 | 0.073 | 0.654 71 | 1.086 | 1.083 | 720.74 | 0.104 | 0.964
22 [ 0.971] 0.971| 688.66 | 0.093 | 0.841 72 | 1.160 | 1.300 | 731.02 | 0.111 | 1.045
23 | 0.518 | 0.518 | 409.20 | 0.050 | 0.442 73 | 2.225 | 2.043 | 784.47 | 0.213 | 2.141
24 | 0.337 | 0.337 | 282.94 | 0.032 | 0.284 74 | 2.197 | 2.084 | 783.50 | 0.210 | 2.113
25 | 0.717 | 0.717 | 543.23 | 0.069 | 0.614 75 | 3.063 | 3.229 | 800.29 | 0.293 | 3.006
26 | 1.341 | 1.346 | 742.38 | 0.128 | 1.237 76 | 1.277 | 1.570 | 741.59 | 0.122 | 1.171
27 | 0.808 | 0.808 | 602.57 | 0.077 | 0.692 77 | 3520 | 3.284 | 787.12 | 0.337 | 3.499
28 | 0.998 | 0.998 | 698.63 | 0.095 | 0.869 78 | 2.679 | 2.251 | 796.46 | 0.256 | 2.611
29 | 1.074 | 1.134 | 718.46 | 0.103 | 0.951 79 | 1.709 | 2.556 | 764.97 | 0.164 | 1.617
30 | 0.138 ] 0.138 | 132.18 | 0.013 | 0.111 80 | 2.325 | 3.064 | 787.73 | 0.222 | 2.244
31 | 0.982 | 0.982 | 693.04 | 0.094 | 0.852 81 | NC NC NC NC NC
32 | 0.801 ] 0.801 | 598.18 | 0.077 | 0.686 82 | 3512 | 3.872 | 787.10 | 0.336 | 3.491
33 | 0.441 | 0.441 | 356.24 | 0.042 | 0.376 83 | 2.819 | 4.650 | 798.84 | 0.270 | 2.756
34 | 0.603 | 0.603 | 466.73 | 0.058 | 0.516 84 | 1.293 | 1.428 | 739.45 | 0.124 | 1.187
35 | 0.963 | 0.963 | 685.46 | 0.092 | 0.834 85 | 3.685 | 2.580 | 781.75 | 0.353 | 3.675
36 | 0.676 | 0.676 | 515.70 | 0.065 | 0.578 86 | 2.146 | 2.175 | 781.65 | 0.205 | 2.060
37 | 1.824 | 1.580 | 769.95 | 0.174 | 1.734 87 | 2.247 [ 3.162 | 785.20 | 0.215 | 2.163
38 | 1.113 | 1.211 | 724.98 | 0.106 | 0.993 88 | 2.307 | 3.007 | 787.16 | 0.221 | 2.225
39 | 0.295 | 0.295 [ 253.01 | 0.028 | 0.248 89 | 2.133 [ 2.525 | 781.17 | 0.204 | 2.047
40 | 1.120 | 1.109 | 726.03 | 0.107 | 1.001 90 | 1.806 | 2.308 | 769.21 | 0.173 | 1.715
41 | 1.791 | 1.934 | 768.61 | 0.171 | 1.700 91 | 4.032 | 3.673 | 777.98 | 0.386 | 4.047
42 1 0.755 | 0.755 | 567.95 | 0.072 | 0.646 92 | 1.643 | 2.310 | 761.59 | 0.157 | 1.549
43 | 1.695 | 1.505 | 764.24 | 0.162 | 1.603 03 | 3.581 | 3.693 | 785.52 | 0.343 | 3.563
44 | 1.349 | 1.330 | 742.86 | 0.129 | 1.246 94 | 2.330 | 4.974 | 787.88 | 0.223 | 2.249
45 | 1.362 | 1.283 | 743.62 | 0.130 | 1.259 o5 | 3.678 | 4.242 | 782.22 | 0.352 | 3.668
46 | 0.405 | 0.405 | 331.54 | 0.039 | 0.345 96 | 2.606 | 3.207 | 794.82 | 0.249 | 2.536
47 1 0.917 | 0.917 | 665.59 | 0.088 | 0.788 97 | 1.724 [ 2.159 | 765.69 | 0.165 | 1.633
48 | 0.985 | 0.985 | 694.45 | 0.094 | 0.856 08 | 2.016 | 2.550 | 776.52 | 0.193 | 1.928
49 | 1.224 | 1.205 [ 737.75 | 0.117 | 1.115 99 | 2.250 | 3.947 | 785.31 | 0.215 | 2.167
50 | 1.668 | 1.996 | 762.89 | 0.160 | 1.575 100 | 2.538 | 3.571 | 793.11 | 0.243 | 2.466
Vv : Maximum Base Shear

A : Maximum Roof Displacement

MIDR : Maximum Inter-Story Drift Ratio
NC : Not Considered
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Table A.3.16 Results of SDOF Analyses of Frame ‘F552B’
(75%VYy ldealization Method)

75%Vy 75%Vy
EQ K 750wy | Rzswevy | V (KN) | A (m) NELZ)R EQ B 7506wy | Rzsoevy | V (KN) [ A (m) NE(I)Z)R
1 [ 0.033]0.033| 34.18 | 0.003 | 0.028 51 | 1.698 | 1.737 | 766.95 | 0.168 | 1.661
2 | 0.054]0.054| 56.08 | 0.005 | 0.046 52 | 1.744 [ 1.883 | 768.94 | 0.172 | 1.709
3 | 0.190 [ 0.190 | 178.87 | 0.019 | 0.161 53 | 0.647 | 0.647 | 510.13 | 0.064 | 0.571
4 [ 0.058[0.058] 60.41 | 0.006 | 0.049 54 | NC NC NC NC NC
5 | 0.146 | 0.146 | 142.81 | 0.014 | 0.122 55 | 0.977 | 0.977 | 701.84 | 0.096 | 0.880
6 | 0.114 | 0.114 | 114.96 | 0.011 | 0.095 56 | 2.060 | 2.531 | 780.85 | 0.203 | 2.039
7 | 0.387] 0.387 | 326.96 | 0.038 | 0.339 57 | 0.885 | 0.885 | 663.25 | 0.087 | 0.784
8 | 0.722 0.722 | 561.76 | 0.071 | 0.638 58 | 1.950 | 2.657 | 776.29 | 0.192 | 1.923
9 [0.412] 0.412] 34532 | 0.041 | 0.362 59 | 4.144 | 2.344 | 779.12 | 0.409 | 4.302
10 | 0.368 | 0.368 | 313.25 | 0.036 | 0.322 60 | 1.130 | 1.122 | 731.77 | 0.112 | 1.052
11 | 0.234 [ 0.234 | 213.79 | 0.023 | 0.201 61 | 1.122 | 1.114 | 730.70 | 0.111 | 1.042
12 | 0.564 | 0.564 | 452.34 | 0.056 | 0.497 62 | 1.718 [ 1.968 | 767.84 | 0.170 | 1.681
13 | 1.005 | 1.005 | 709.89 | 0.099 | 0.911 63 | 3.025 | 2.030 | 794.46 | 0.298 | 3.065
14 | 1.195 | 1.167 | 73852 | 0.118 | 1.125 64 | 1.539 | 1.389 | 758.55 | 0.152 | 1.491
15 | 0.179 | 0.179 | 169.84 | 0.018 | 0.151 65 | 0.858 | 0.858 | 649.41 | 0.085 | 0.758
16 | 0.422 | 0.422 | 352.60 | 0.042 | 0.371 66 | 1.958 | 1.812 | 776.65 | 0.193 | 1.931
17 | 0.800 | 0.800 | 613.47 | 0.079 | 0.706 67 | 2.496 | 2.019 | 794.03 | 0.246 | 2.503
18 | 0.327 | 0.327 | 283.44 | 0.032 | 0.285 68 | 1.393 | 1.454 | 748.41 | 0.137 | 1.336
19 | 1.262 | 1.260 | 739.95 | 0.125 | 1.196 69 | 2.644 | 2.212 | 797.44 | 0.261 | 2.662
20 | 1.361 | 1.273 | 746.36 | 0.134 | 1.302 70 | 2.516 | 2.325 | 794.54 | 0.248 | 2.524
21 | 0.751 | 0.751 | 581.06 | 0.074 | 0.664 71 | 1.032 | 1.032 | 716.44 | 0.102 | 0.941
22 1 0.957 | 0.957 | 694.99 | 0.094 | 0.858 72 | 1.143 [ 1.308 | 733.22 | 0.113 | 1.066
23 | 0.476 | 0.476 | 390.49 | 0.047 | 0.419 73 | 2.236 | 2.853 | 787.13 | 0.221 | 2.224
24 | 0.348 | 0.348 | 298.74 | 0.034 | 0.304 74 | 2.066 | 2.103 | 781.09 | 0.204 | 2.045
25 | 0.776 | 0.776 | 597.45 | 0.077 | 0.685 75 | 2.952 | 3.254 | 800.13 | 0.291 | 2.987
26 | 1.330 | 1.273 | 744.32 | 0.131 | 1.270 76 | 1.273 | 1.541 | 740.73 | 0.126 | 1.209
27 | 0.784 | 0.784 | 602.85 | 0.077 | 0.692 77 | 3.731 [ 3.207 | 779.32 | 0.368 | 3.856
28 | 1.020 | 1.020 | 713.64 | 0.101 | 0.928 78 | 2.555 | 2.245 | 795.48 | 0.252 | 2.566
29 | 1.131 | 1.204 | 731.84 | 0.112 | 1.053 79 | 1.675 | 2.393 | 765.86 | 0.165 | 1.636
30 | 0.133] 0.133 ] 131.47 | 0.013 | 0.110 80 | 2.259 | 3.020 | 787.87 | 0.223 | 2.249
31 | 0.892 | 0.892 | 667.11 | 0.088 | 0.791 81 | NC NC NC NC NC
32 | 0.805 | 0.805 | 616.74 | 0.079 | 0.711 82 | 3.347 [ 4.124 | 784.42 | 0.330 | 3.430
33 | 0.420 | 0.420 | 350.90 | 0.041 | 0.369 83 | 2.713 | 4.499 | 798.57 | 0.268 | 2.735
34 | 0.641 | 0.641 | 506.21 | 0.063 | 0.566 84 | 1.252 | 1.386 | 740.98 | 0.124 | 1.186
35 | 0.953 ] 0.953 | 693.71 | 0.094 | 0.854 85 | 3.761 | 2.788 | 774.18 | 0.371 | 3.893
36 | 0.639 | 0.639 | 504.46 | 0.063 | 0.564 86 | 2.148 | 2.195 | 784.15 | 0.212 | 2.131
37 | 1.628 | 1.532 | 763.47 | 0.161 | 1.587 87 | 2.229 [ 3.065 | 786.91 | 0.220 | 2.217
38 | 1.129 | 1.236 | 731.55 | 0.111 | 1.050 88 | 2.152 | 2.957 | 784.28 | 0.212 | 2.135
39 | 0.280 | 0.280 | 248.46 | 0.028 | 0.242 89 | 2.021 | 2.492 | 779.30 | 0.199 | 1.998
40 | 1.112 | 1.103 | 729.54 | 0.110 | 1.032 90 | 1.692 [ 2.209 | 766.64 | 0.167 | 1.654
41 | 1.767 | 1.925 | 769.90 | 0.174 | 1.732 91 | 3.941 | 3.602 | 778.16 | 0.389 | 4.081
42 1 0.715 | 0.715 | 557.02 | 0.071 | 0.632 92 | 1.620 | 2.351 | 763.06 | 0.160 | 1.578
43 | 1.580 | 1.450 | 761.02 | 0.156 | 1.535 03 | 3.386 | 3.676 | 787.09 | 0.334 | 3.470
44 | 1.373 | 1.387 | 747.19 | 0.136 | 1.315 04 | 2.235 | 4910 | 787.11 | 0.221 | 2.224
45 | 1342 1.272| 745.12 | 0.132 | 1.282 o5 | 3.516 | 3.978 | 784.09 | 0.347 | 3.612
46 | 0.396 | 0.396 | 333.80 | 0.039 | 0.347 96 | 2.794 | 2.948 | 797.01 | 0.276 | 2.820
47 1 0.960 | 0.960 | 696.02 | 0.095 | 0.861 97 | 1.402 [ 1.998 | 748.95 | 0.138 | 1.345
48 | 0.990 | 0.990 | 706.04 | 0.098 | 0.894 08 | 2.045 | 2.366 | 780.25 | 0.202 | 2.023
49 | 1.234 | 1.214 | 741.33 | 0.122 | 1.167 99 | 2.208 | 3.844 | 786.20 | 0.218 | 2.195
50 | 1.575 | 1.995 | 760.77 | 0.155 | 1.529 100 | 2.362 | 3.518 | 790.62 | 0.233 | 2.360
Vv : Maximum Base Shear

A : Maximum Roof Displacement

MIDR : Maximum Inter-Story Drift Ratio
NC : Not Considered
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Table A.3.17 Results of SDOF Analyses of Frame ‘F554B’

(MULTI Idealization Method)

MIDR : Maximum Inter-Story Drift Ratio

NC

: Not Considered
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MULTI MULTI
EQ PBmoet | Rvoem | V (KN) | A (m) NELZ)R EQ Bmorm | Rmuem | V (KN) [ A (m) NE(I)Z)R
1 [ 0.038 ] 0.038 | 110.55 | 0.005 | 0.030 51 | 1.592 | 1.509 [ 3192.96 | 0.198 | 1.420
2 | 0.051]0.051| 151.14 | 0.006 | 0.040 52 | 1.458 | 1.561 [ 3110.08 | 0.181 | 1.292
3 | 0.173] 0.171 | 495.88 | 0.022 | 0.141 53 | 0.624 | 0.621 | 1628.13| 0.078 | 0.524
4 | 0.064 [ 0.064 | 192.31 | 0.008 | 0.050 54 | 2.001 | 1.742 | 3358.08 | 0.249 | 1.802
5 | 0.096 | 0.097 | 287.16 | 0.012 | 0.076 55 | 0.985 | 0.761 | 2497.09 | 0.123 | 0.832
6 | 0.097 | 0.099 | 289.99 | 0.012 | 0.077 56 | 2.180 | 2.548 [ 3405.24 | 0.271 | 1.965
7 | 0.225] 0.244 | 630.97 | 0.028 | 0.185 57 | 1.014 | 0.761 | 2556.20 | 0.126 | 0.858
8 | 0.488 [ 0.470 | 1292.58 | 0.061 | 0.409 58 | 1.783 | 2.063 | 3281.67 | 0.222 | 1.600
9 | 0.553 [ 0.456 | 1452.40| 0.069 | 0.464 59 | 3.491 | 2.243 [ 3577.14| 0.434 | 3.076
10 | 0.274 | 0.287 | 755.66 | 0.034 | 0.227 60 | 0.916 | 0.877 | 2336.67 | 0.114 | 0.773
11 | 0.243 | 0.244 | 674.99 | 0.030 | 0.200 61 | 0.963 | 0.994 | 2446.43| 0.120 | 0.812
12 | 0.549 | 0.547 [ 1442.18] 0.068 | 0.460 62 | 1.216 | 1.498 | 2882.57 | 0.151 | 1.053
13 | 0.912 | 0.904 | 2327.16| 0.114 | 0.769 63 | 1.895 | 1.680 | 3325.36 | 0.236 | 1.705
14 | 1.177 | 1.182[ 2832.52| 0.146 | 1.014 64 | 1.268 | 1.145 [ 2943.14 | 0.158 | 1.105
15 | 0.190 | 0.189 | 538.24 | 0.024 | 0.155 65 | 0.811 | 0.802 | 2084.29 | 0.101 | 0.684
16 | 0.398 | 0.378 | 1067.81| 0.049 | 0.332 66 | 1.309 | 1.643 | 2983.43| 0.163 | 1.145
17 | 0.678 | 0.629 [ 1760.61] 0.084 | 0.570 67 | 2.108 | 1.852 [ 3385.94| 0.262 | 1.899
18 | 0.277 | 0.288 | 761.59 | 0.034 | 0.229 68 | 1.444 | 1.061 | 3099.64 | 0.180 | 1.278
19 | 0.908 | 1.023 | 2315.68| 0.113 | 0.765 69 | 2.103 | 2.287 [ 3384.82| 0.262 | 1.895
20 | 1.727 | 1.270 | 3256.46 | 0.215 | 1.547 70 | 2.288 | 2.132 | 3429.57 | 0.285 | 2.063
21 | 0.642 | 0.661 | 1671.64 | 0.080 | 0.540 71 | 0.761 | 0.789 | 1962.47 | 0.095 | 0.641
22 | 1.039 | 0.840 [ 2602.78 | 0.129 | 0.881 72 | 1.335 [ 1.162 [ 3008.14 | 0.166 | 1.170
23 | 0.384 | 0.360 | 1032.25| 0.048 | 0.320 73 | 1.674 | 2.078 | 3235.14 | 0.208 | 1.497
24 | 0.322 ]| 0.308 | 876.71 | 0.040 | 0.267 74 | 1.700 | 1.873 [ 3243.52| 0.211 | 1.522
25 | 0.617 | 0.727 | 1609.55 | 0.077 | 0.518 75 | 2.112 | 2.802 | 3387.11 | 0.263 | 1.903
26 | 1.026 | 0.888 [ 2579.19| 0.128 | 0.869 76 | 1.072 | 1.141 [ 2665.28 | 0.133 | 0.912
27 1 0.630 | 0.643 | 1642.72] 0.078 | 0.530 77 | 5.157 | 3.053 [ 3711.98 | 0.642 | 4.375
28 | 1.406 | 1.176 | 3069.52 | 0.175 | 1.241 78 | 1.763 | 1.961 | 3272.93| 0.219 | 1.581
29 | 1.347 | 1.302 [ 3018.93| 0.168 | 1.182 79 | 1.504 | 1.692 [ 3140.70| 0.187 | 1.336
30 | 0.091 | 0.002 | 271.68 | 0.011 | 0.072 80 | 2.711 | 2.902 [ 3507.54 | 0.337 | 2.432
31 | 1.012 | 0.830 [ 2551.51| 0.126 | 0.856 81 | 5.087 | 3.979 | 3708.68 | 0.633 | 4.320
32 | 0.768 | 0.684 [ 1979.96 | 0.096 | 0.647 82 | 2.629 | 3.785 [ 3494.47| 0.327 | 2.362
33 | 0.287 | 0.311 | 787.22 | 0.036 | 0.237 83 | 1.881 | 3.425 | 3321.02| 0.234 | 1.692
34 | 0.883 | 0.792 [ 2256.60 | 0.110 | 0.744 84 | 1.225 | 1.081 [ 2894.38| 0.152 | 1.063
35 | 0.635 | 0.742 [ 1656.03 | 0.079 | 0.534 85 | 2.403 | 2.811 [ 3452.45[ 0.299 | 2.166
36 | 0.673 | 0.590 | 1748.67 | 0.084 | 0.566 86 | 1.877 | 1.992 | 3319.57 | 0.233 | 1.688
37 | 1.643 | 1.400 [ 3220.43| 0.204 | 1.468 87 | 2.081 | 2.618 [ 3379.83| 0.259 | 1.875
38 | 1.220 | 1.186 | 2888.18| 0.152 | 1.057 88 | 2.382 | 2.413| 3448.15| 0.296 | 2.147
39 | 0.205 | 0.204 | 579.10 | 0.026 | 0.168 89 | 2.313 | 2.143 [ 3434.51| 0.288 | 2.085
40 | 1.205 | 0.938 | 2869.23| 0.150 | 1.042 90 | 1.687 | 1.901 [ 3238.80| 0.210 | 1.510
41 | 1.013 | 1.451 [ 2554.26 | 0.126 | 0.857 91 | 3.116 | 3.021 | 3546.97 | 0.388 | 2.765
42 | 0.464 | 0.537 [ 1232.60| 0.058 | 0.388 92 | 1.658 | 1.990 [ 3227.87 | 0.206 | 1.482
43 | 1.163 | 1.142 | 2813.39| 0.145 | 1.000 03 | 2.818 | 3.106 | 3523.06 | 0.351 | 2.523
44 | 1.632 | 1.431 [ 3214.27| 0.203 | 1.457 04 | 2.880 | 4.105 | 3531.57 | 0.358 | 2.577
45 | 1.242 ] 0.975 [ 2914.49| 0.155 | 1.080 95 | 1.993 | 2.561 | 3356.05 | 0.248 | 1.795
46 | 0.298 | 0.310 | 815.89 | 0.037 | 0.247 96 | 1.269 | 1.826 | 2943.71| 0.158 | 1.106
47 | 0.878 | 0.925 [ 2244.13] 0.109 | 0.740 97 | 1.147 | 1.361 [ 2791.16 | 0.143 | 0.985
48 | 0.994 | 0.945 | 2516.12 | 0.124 | 0.840 08 | 1.739 | 1.673 | 3262.04| 0.216 | 1.558
49 | 1.149 | 1.132 [ 2793.89 | 0.143 | 0.986 99 | 1.973 | 2.984 [ 3350.50 | 0.245 | 1.777
50 | 1.493 | 1.651 [ 3133.88] 0.186 | 1.326 100 | 2.070 | 2.378 [ 3377.07 | 0.257 | 1.865

Vv : Maximum Base Shear
A : Maximum Roof Displacement




Table A.3.18 Results of SDOF Analyses of Frame ‘F554B’

(ATC ldealization Method)
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ATC ATC
0 ware | Rure | vaw | amm | Moot || 0 ware | Rare | v | amm) | V2R
1 [ 0.038 ] 0.038 | 110.52 | 0.005 | 0.030 51 | 1.285 | 1.510 [ 2960.92 | 0.160 | 1.122
2 | 0.051]0.051| 151.13 | 0.006 | 0.040 52 | 1.540 | 1.561 | 3163.23| 0.192 | 1.370
3 [0.171 ] 0.171 | 490.79 | 0.021 | 0.139 53 | 0.621 | 0.621 | 1620.43 | 0.077 | 0.522
4 | 0.064 [ 0.064 | 192.24 | 0.008 | 0.050 54 | 2.102 | 1.742[ 3384.48] 0.262 | 1.894
5 | 0.097 | 0.097 | 290.44 | 0.012 | 0.077 55 | 0.761 | 0.761 | 1962.07 | 0.095 | 0.641
6 | 0.099 | 0.099 | 295.38 | 0.012 | 0.078 56 | 1.996 | 2.548 | 3356.77 | 0.248 | 1.798
7 0.244 | 0.244 | 679.16 0.030 | 0.201 57 | 0.761 | 0.761 | 1961.14 | 0.095 | 0.640
8 | 0.470 | 0.470 | 1248.46 | 0.058 | 0.394 58 | 1.819 | 2.064 | 3296.89 | 0.226 | 1.633
9 | 0.456 [ 0.456 | 1212.23| 0.057 | 0.381 59 | 3.448 | 2.243[3570.93 | 0.429 | 3.042
10 | 0.287 | 0.287 | 788.29 | 0.036 | 0.238 60 | 0.877 | 0.877 | 2241.76 | 0.109 | 0.739
11 | 0.244 | 0.244 | 678.88 | 0.030 | 0.201 61 | 0.994 | 0.994 | 2515.89 | 0.124 | 0.839
12 | 0.547 | 0.547 | 1437.87 | 0.068 0.459 62 | 1.383 | 1.498 | 3050.21| 0.172 1.218
13 | 0.904 | 0.904 [ 2307.12| 0.112 | 0.762 63 | 1.545 | 1.680 | 3165.97 | 0.192 | 1.375
14 | 1.209 | 1.182 | 2874.45| 0.150 | 1.046 64 | 1.164 | 1.145 | 2814.54 | 0.145 | 1.001
15 | 0.189 | 0.189 | 536.38 | 0.023 | 0.154 65 | 0.802 | 0.802 | 2060.40 | 0.100 | 0.675
16 | 0.378 | 0.378 [ 1017.62| 0.047 | 0.315 66 | 1.693 | 1.643 | 3240.74| 0.211 | 1.516
17 | 0.630 | 0.630 [ 1641.86| 0.078 | 0.529 67 | 2.176 | 1.852 | 3404.22| 0.271 | 1.961
18 | 0.288 | 0.288 | 791.37 | 0.036 | 0.239 68 | 1.063 | 1.060 | 2648.51 | 0.132 | 0.904
19 | 1.023 | 1.023 | 2573.83| 0.127 | 0.866 69 | 1.679 | 2.287 [ 3237.03 | 0.209 | 1.502
20 | 1.343 | 1.270 | 3015.08 | 0.167 | 1.178 70 | 2.360 | 2.132 | 3443.50| 0.294 | 2.128
21 | 0.661 | 0.661 [ 1717.97 | 0.082 | 0.556 71 | 0.789 | 0.789 | 2029.40| 0.098 | 0.664
22 | 0.840 | 0.840 | 2153.66| 0.105 0.708 72 | 1.188 | 1.162 | 2846.73 | 0.148 1.024
23 | 0.360 | 0.360 | 973.91 | 0.045 | 0.300 73 | 1.814 | 2.079 | 3204.70 | 0.226 | 1.629
24 | 0.308 | 0.308 | 840.82 | 0.038 | 0.255 74 | 1.596 | 1.873 [ 3194.89 | 0.199 | 1.423
25 | 0.727 | 0.727 | 1879.59 | 0.090 | 0.612 75 | 2.039 | 2.802 | 3368.81 | 0.254 | 1.837
26 | 0.888 | 0.888 [ 2268.93| 0.110 | 0.749 76 | 1.064 | 1.141 [ 2649.46 | 0.132 | 0.904
27 1 0.643] 0.643 [ 1675.45] 0.080 | 0.541 77 | 4570 | 3.052 [ 3669.04 | 0.569 | 3.922
28 | 1.125 | 1.176 | 2756.69 | 0.140 | 0.963 78 | 1.989 | 1.961 | 3354.92 | 0.247 | 1.792
29 | 1.220 | 1.302 | 2888.37 | 0.152 | 1.058 79 | 1.498 | 1.692 [ 3137.26 | 0.186 | 1.331
30 | 0.092 | 0.092 | 273.33 0.011 0.072 80 | 2.102 | 2.902 | 3384.42 | 0.261 1.894
31 | 0.830 | 0.830 [ 2128.89 | 0.103 | 0.699 81 | 4.032 | 3.979 | 3621.01 | 0.502 | 3.506
32 | 0.684 | 0.684 [ 1774.34| 0.085 | 0.575 82 | 3.465 | 3.785 [ 3573.25| 0.431 | 3.055
33 | 0.311 | 0.311 | 848.94 | 0.039 | 0.258 83 | 1.961 | 3.426 | 3346.98 | 0.244 | 1.766
34 | 0.791 | 0.791 [ 2035.28 | 0.098 | 0.666 84 | 1.066 | 1.081 [ 2653.39 | 0.133 | 0.906
35 | 0.742 | 0.742[ 1915.39| 0.092 | 0.624 85 | 2.661 | 2.811 [ 3499.93 | 0.331 | 2.389
36 | 0.590 | 0.590 | 1543.84 | 0.073 | 0.495 86 | 1.815 | 1.992 | 3295.39 | 0.226 | 1.630
37 | 1.469 | 1.400 [ 3117.89| 0.183 | 1.302 87 | 1.934 [ 2.619 [ 3338.31| 0.241 | 1.741
38 | 1.105 | 1.186 | 2722.72| 0.137 | 0.944 88 | 1.913 | 2.414 | 3331.06 | 0.238 | 1.722
39 | 0.204 | 0.204 | 576.88 | 0.025 | 0.167 89 | 2.159 | 2.143 [ 3399.75| 0.269 | 1.946
40 | 0.938 | 0.938 [ 2388.70| 0.117 | 0.791 90 | 1.473 | 1.901 | 3120.68| 0.183 | 1.306
41 | 1.422 | 1.451 [ 3082.10| 0.177 | 1.256 91 | 3.187 | 3.021 | 3554.92| 0.396 | 2.824
42 |1 0.537 | 0.537 [ 1412.86 | 0.067 | 0.450 92 | 1.736 | 1.990 [ 3260.70 | 0.216 | 1.556
43 | 1.153 | 1.142 | 2799.28 | 0.143 0.990 93 | 2.753 | 3.106 | 3513.70| 0.343 2.468
44 | 1.400 | 1.431 | 3064.58| 0.174 1.235 94 | 2.427 | 4.105 | 3457.44 | 0.302 2.187
45 | 0.975 | 0.975 | 2474.70| 0.121 0.823 95 | 1.693 | 2.562 | 3240.40| 0.211 1.515
46 | 0.310 | 0.310 | 846.01 | 0.039 | 0.257 96 | 1.752 | 1.827 | 3268.09| 0.218 | 1.571
47 1 0.925 | 0.925 [ 2357.19| 0.115 | 0.780 97 | 1.439 | 1.361 [ 3095.77 | 0.179 | 1.273
48 | 0.945 | 0.945 | 2404.61| 0.118 0.797 98 | 1.717 | 1.673 | 3251.97| 0.214 1.538
49 | 1.140 | 1.132 [ 2780.72| 0.142 | 0.978 99 | 1.852 | 2.984 [ 3310.16 | 0.230 | 1.664
50 | 1.420 | 1.652 | 3080.84 | 0.177 1.254 100 | 2.117 | 2.379 | 3388.52 | 0.263 1.908
Vv : Maximum Base Shear
A : Maximum Roof Displacement
MIDR : Maximum Inter-Story Drift Ratio
NC : Not Considered




Table A.3.19 Results of SDOF Analyses of Frame ‘F554B’

(FEMA ldealization Method)

MIDR : Maximum Inter-Story Drift Ratio

NC

: Not Considered
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FEMA FEMA
EQ Brema | Reema | V (KN) | A (M) NELZ)R EQ Bereva | Reema | V(KN) | A (m) NE(I)Z)R
1 [ 0.035] 0.035 | 127.54 | 0.005 | 0.034 51 | 1.379 | 1.302 [ 3255.80 | 0.215 | 1.546
2 | 0.036 ] 0.036 | 133.36 | 0.006 | 0.035 52 | 1.303 | 1.271 [ 3213.97 | 0.203 | 1.456
3 | 0.147 [ 0.147 | 524.38 | 0.023 | 0.150 53 | 0.552 | 0.552 | 1792.82 | 0.086 | 0.582
4 [ 0.069 [ 0.069 | 257.19 | 0.011 | 0.068 54 | 1.791 | 1.563 [ 3419.32| 0.279 | 2.020
5 | 0.077 | 0.077 | 288.28 | 0.012 | 0.076 55 | 0.884 | 0.884 | 2725.29 | 0.138 | 0.945
6 | 0.071] 0.071 | 265.35 | 0.011 | 0.070 56 | 1.907 | 2.304 [ 3449.03 | 0.297 | 2.151
7 | 0.208 ] 0.208| 721.80 | 0.032 | 0.215 57 | 0.904 | 0.904 | 2767.73| 0.141 | 0.969
8 | 0.426 | 0.426 | 1402.92| 0.066 | 0.447 58 | 1.657 | 1.863 | 3378.00| 0.258 | 1.868
9 [ 0517 [ 0517 | 1683.69| 0.080 | 0.544 59 | 2.968 | 2.075 [ 3597.17 | 0.462 | 3.257
10 | 0.236 | 0.236 | 808.40 | 0.037 | 0.244 60 | 0.784 | 0.784 | 2487.33| 0.122 | 0.828
11 | 0.262 | 0.262 | 892.60 | 0.041 | 0.273 61 | 0.900 | 0.900 | 2758.50 | 0.140 | 0.964
12 | 0.528 | 0.528 [ 1719.63] 0.082 | 0.556 62 | 1.066 | 1.064 | 3007.23| 0.166 | 1.169
13 | 0.831 | 0.831 [ 2606.62| 0.129 | 0.883 63 | 1.693 | 1.740 | 3389.04 | 0.264 | 1.909
14 | 1.044 | 1.043 [ 2981.35| 0.163 | 1.143 64 | 1.060 | 1.058 | 3000.03 | 0.165 | 1.162
15 | 0.232 | 0.232 | 795.75 | 0.036 | 0.240 65 | 0.700 | 0.700 | 2240.70 | 0.109 | 0.739
16 | 0.324 | 0.324 [ 1088.57| 0.051 | 0.339 66 | 1.266 | 1.482 | 3188.42 | 0.197 | 1.412
17 | 0.641 | 0.641 | 2062.62] 0.100 | 0.676 67 | 1.831 | 1.661 | 3430.33| 0.285 | 2.066
18 | 0.254 | 0.254 | 865.64 | 0.039 | 0.264 68 | 1.281 | 1.247 | 3199.10 | 0.199 | 1.430
19 | 0.841 | 0.841 [ 2629.22| 0.131 | 0.894 69 | 1.930 | 1.655 | 3454.99 | 0.300 | 2.177
20 | 1.302 | 1.246 | 3213.49| 0.203 | 1.455 70 | 1.856 | 1.874 | 3436.25| 0.289 | 2.095
21 | 0.570 | 0.570 | 1846.17 | 0.089 | 0.600 71 | 0.621 | 0.621 | 2000.08 | 0.097 | 0.654
22 1 0.939 | 0.939 | 2830.66 | 0.146 | 1.013 72 | 1.137 [ 1.167 [ 3083.05| 0.177 | 1.257
23 | 0.427 | 0.427 [ 1407.37| 0.066 | 0.448 73 | 1.383 | 1.585 | 3258.50 | 0.215 | 1.551
24 | 0.337 | 0.337 [ 1127.29] 0.052 | 0.352 74 | 1.495 | 1.418 [ 3317.80| 0.233 | 1.683
25 | 0.597 | 0.597 | 1927.17 | 0.093 | 0.629 75 | 1.896 | 1.759 | 3446.23 | 0.295 | 2.139
26 | 0.898 | 0.898 [ 2754.43 | 0.140 | 0.961 76 | 0.892 [ 0.892 [ 2741.38] 0.139 | 0.954
27 | 0578 | 0.578 [ 1871.38| 0.090 | 0.609 77 | 4.465 | 3.652 [ 3733.81| 0.695 | 4.661
28 | 1.137 | 1.161 | 3083.29 | 0.177 | 1.257 78 | 1.803 | 1.599 [ 3422.69| 0.281 | 2.034
29 | 1.071 | 1.068 [ 3012.57| 0.167 | 1.175 79 | 1.309 | 1.279 [ 3218.09 | 0.204 | 1.464
30 | 0.070 | 0.070 [ 260.48 | 0.011 | 0.069 80 | 1.922 | 2.899 [ 3453.04| 0.299 | 2.168
31 | 0.942 | 0.942 [ 2834.37| 0.147 | 1.015 81 | 3.816 | 4.686 | 3686.62 | 0.594 | 4.080
32 | 0.643 ] 0.643 [ 2069.40]| 0.100 | 0.678 82 | 2.345 [ 3.411 [ 3534.86 | 0.365 | 2.623
33 | 0.237 | 0.237 | 812.20 | 0.037 | 0.246 83 | 1.480 | 2.519 | 3310.42 | 0.230 | 1.665
34 | 0.790 | 0.790 [ 2504.02| 0.123 | 0.835 84 | 1.072 | 1.069 [ 3014.08 | 0.167 | 1.177
35 | 0.481 | 0.481 | 1574.86 | 0.075 | 0.506 85 | 1.976 | 2.140 | 3466.76 | 0.308 | 2.228
36 | 0.601 | 0.601 | 1942.01 | 0.094 | 0.634 86 | 1.515 | 1.719 | 3325.63 | 0.236 | 1.706
37 | 1.281 | 1.242[3199.01] 0.199 | 1.430 87 | 1.649 | 2.187 [ 3375.63 | 0.257 | 1.860
38 | 1.097 | 1.091 | 3040.86 | 0.171 | 1.208 88 | 2.021 | 1.997 | 3477.22| 0.315 | 2.276
39 | 0.152 | 0.152 | 541.37 | 0.024 | 0.156 89 | 2.036 | 2.109 | 3480.47 | 0.317 | 2.293
40 | 0.916 | 0.916 [ 2790.22| 0.143 | 0.984 90 | 1.313 | 1.622 [ 3220.67 | 0.204 | 1.468
41 | 0.912 | 0.912 [ 2783.12| 0.142 | 0.979 91 | 2.576 | 2.485 | 3559.18 | 0.401 | 2.853
42 1 0.364 | 0.364 [ 1211.96 | 0.057 | 0.381 92 | 1.531 | 1.702 [ 3332.26 | 0.238 | 1.725
43 | 0.903 | 0.903 | 2764.40| 0.141 | 0.967 93 | 2.220 | 2.510 | 3517.39 | 0.346 | 2.489
44 | 1.459 | 1.285 [ 3299.73| 0.227 | 1.640 94 | 2.314 | 3.308 | 3533.34 | 0.360 | 2.591
45 | 1.086 | 1.081 [ 3029.93] 0.169 | 1.195 95 | 1.503 | 1.619 | 3321.02| 0.234 | 1.692
46 | 0.243 | 0.243| 832.02 | 0.038 | 0.252 96 | 1.098 | 1.209 | 3042.62 | 0.171 | 1.210
47 | 0.752 | 0.752 [ 2397.50| 0.117 | 0.794 97 | 1.054 | 1.048 [ 2992.89| 0.164 | 1.154
48 | 0.802 | 0.802 | 2536.14 | 0.125 | 0.849 08 | 1.494 | 1.690 | 3317.17| 0.233 | 1.681
49 | 0.967 | 0.967 | 2875.38 | 0.151 | 1.047 99 | 1.543 | 2.245 [ 3337.25| 0.240 | 1.738
50 | 1.343 | 1.285 [ 3237.35[ 0.209 | 1.503 100 | 1.819 | 1.751 | 3427.22] 0.283 | 2.053

Vv : Maximum Base Shear
A : Maximum Roof Displacement




Table A.3.20 Results of SDOF Analyses of Frame ‘F554B’

(75%VYy ldealization Method)

MIDR : Maximum Inter-Story Drift Ratio

NC

: Not Considered
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75%Vy 75%Vy
EQ K 750wy | Rzswevy | V (KN) | A (m) NELZ)R EQ B 7506wy | Rzsoevy | V (KN) [ A (m) NE(I)Z)R
1 [ 0.033] 0.033| 125.88 | 0.005 | 0.034 51 | 1.351 | 1.284 [ 3257.65| 0.215 | 1.550
2 [ 0.034]0.034| 128.71 | 0.005 | 0.034 52 | 1.271 | 1.244 | 3212.28| 0.202 | 1.453
3 | 0.145[ 0.145 | 527.90 | 0.023 | 0.151 53 | 0.543 | 0.543 | 1803.65 | 0.087 | 0.585
4 | 0.068 [ 0.068 | 261.97 | 0.011 | 0.069 54 | 1.741 | 1.537 [ 3416.69 | 0.277 | 2.010
5 | 0.075 | 0.075 | 286.17 | 0.012 | 0.076 55 | 0.904 | 0.904 | 2805.37 | 0.144 | 0.995
6 | 0.071] 0.071 | 269.90 | 0.011 | 0.071 56 | 1.898 | 2.265 [ 3458.03 | 0.302 | 2.190
7 0212|0212 747.80 | 0.034 | 0.224 57 | 0.900 | 0.900 [ 2797.73| 0.143 | 0.989
8 | 0.417 | 0.417 | 1406.83| 0.066 | 0.448 58 | 1.627 | 1.885 | 3380.35| 0.259 | 1.877
9 [ 0.520[ 0.520 | 1729.08| 0.083 | 0.559 59 | 2.922 [ 2.057 [ 3598.76 | 0.465 | 3.279
10 | 0.231 | 0.231 | 812.02 | 0.037 | 0.246 60 | 0.773 | 0.773 | 2507.60 | 0.123 | 0.836
11 | 0.263 | 0.263 | 913.34 | 0.042 | 0.280 61 | 0.905 | 0.905 | 2807.80 | 0.144 | 0.996
12 | 0.523 | 0.523 | 1741.08] 0.083 | 0.564 62 | 1.022 [ 1.022[2983.66 | 0.163 | 1.145
13 | 0.819 | 0.819 | 2621.20| 0.130 | 0.890 63 | 1.681 | 1.713 | 3398.02| 0.268 | 1.940
14 | 1.019 | 1.019 [ 2980.37| 0.162 | 1.142 64 | 1.052 | 1.050 [ 3019.11| 0.168 | 1.183
15 | 0.239 | 0.239 | 837.19 | 0.038 | 0.254 65 | 0.688 | 0.688 | 2250.63 | 0.110 | 0.742
16 | 0.318 | 0.318 [ 1091.94| 0.051 | 0.340 66 | 1.242 | 1.440 | 3192.22| 0.198 | 1.418
17 | 0.632 | 0.632 [ 2077.99] 0.101 | 0.681 67 | 1.799 | 1.640 | 3432.85| 0.287 | 2.078
18 | 0.255 | 0.255 | 888.40 | 0.041 | 0.271 68 | 1.273 | 1.240 | 3213.57 | 0.203 | 1.455
19 | 0.814 | 0.814 [ 2610.97| 0.130 | 0.885 69 | 1.951 | 1.582 [ 3471.66 | 0.311 | 2.250
20 | 1.302 | 1.245 | 3232.09 | 0.207 | 1.490 70 | 1.795 | 1.844 | 3431.69| 0.286 | 2.072
21 | 0.576 | 0.576 | 1904.91 | 0.092 | 0.621 71 | 0.606 | 0.606 | 1998.68 | 0.097 | 0.654
22 | 0.951 | 0.951 [ 2885.66 | 0.152 | 1.055 72 | 1.175 [ 1.175 [ 3140.94 | 0.187 | 1.336
23 | 0.427 | 0.427 [ 1437.84| 0.068 | 0.459 73 | 1.391 | 1.536 | 3280.73| 0.222 | 1.598
24 | 0.341 | 0.341 [ 1164.54 | 0.054 | 0.365 74 | 1.468 | 1.400 [ 3320.75| 0.234 | 1.691
25 | 0.579 | 0.579 | 1915.20 | 0.092 | 0.624 75 | 1.720 | 1.685 | 3410.27 | 0.274 | 1.985
26 | 0.907 | 0.907 [ 2810.08 | 0.144 | 0.998 76 | 0.874 | 0.874 [ 2746.01| 0.139 | 0.957
27 | 0591 | 0.591 [ 1951.91| 0.094 | 0.637 77 | 4.398 | 3.702[ 3735.36 | 0.701 | 4.689
28 | 1.170 | 1.182 [ 3136.91| 0.186 | 1.330 78 | 1.785 | 1.561 | 3429.12 | 0.284 | 2.061
29 | 1.040 | 1.039 [ 3005.73| 0.166 | 1.168 79 | 1.265 | 1.242 [ 3207.87 | 0.201 | 1.445
30 | 0.070 | 0.070 | 266.16 | 0.011 | 0.070 80 | 1.903 | 2.891 [ 3459.45| 0.303 | 2.196
31 | 0.935 | 0.935 [ 2859.25| 0.149 | 1.034 81 | 3.821 | 4.706 | 3696.54 | 0.609 | 4.170
32 | 0.659 | 0.659 [ 2162.36 | 0.105 | 0.711 82 | 2.206 | 3.337 [ 3524.08 | 0.351 | 2.530
33 | 0.232 ]| 0.232 | 815.45 | 0.037 | 0.247 83 | 1.445 | 2.438 [ 3309.70 | 0.230 | 1.663
34 | 0.763 | 0.763 | 2478.84| 0.122 | 0.825 84 | 1.072 | 1.069 [ 3040.50 | 0.171 | 1.207
35 | 0.455 | 0.455 [ 1527.06 | 0.073 | 0.490 85 | 1.936 | 2.093 [ 3468.08 | 0.308 | 2.234
36 | 0.599 | 0.599 [ 1977.49| 0.095 | 0.646 86 | 1.484 | 1.690 | 3326.48 | 0.236 | 1.710
37 | 1.316 | 1.269 [ 3238.35| 0.210 | 1.507 87 | 1.624 | 2.142[3379.67| 0.259 | 1.874
38 | 1.082 | 1.078 [ 3051.83| 0.172 | 1.220 88 | 2.023 | 1.962 | 3487.90| 0.322 | 2.329
39 | 0.148 | 0.148 | 536.79 | 0.024 | 0.154 89 | 2.012 | 2.109 | 3485.55| 0.321 | 2.317
40 | 0.920 | 0.920 | 2833.24| 0.147 | 1.015 90 | 1.330 | 1.579 | 3245.31| 0.212 | 1.525
41 | 0.861 | 0.861 | 2718.12| 0.137 | 0.941 91 | 2.521 | 2.432 | 3559.77 | 0.402 | 2.857
42 1 0.345 | 0.345 [ 1178.32] 0.055 | 0.370 92 | 1.496 | 1.655 [ 3331.85| 0.238 | 1.724
43 | 0.884 | 0.884 | 2767.55| 0.141 | 0.969 03 | 2.164 | 2.453 | 3516.29 | 0.345 | 2.483
44 | 1.428 | 1.260 [ 3301.21 | 0.228 | 1.643 04 | 2.288 | 3.228 | 3535.17 | 0.365 | 2.619
45 | 1.079 | 1.074 [ 3048.39] 0.172 | 1.216 95 | 1.431 | 1.575 | 3302.82| 0.228 | 1.647
46 | 0.238 | 0.238 | 833.33 | 0.038 | 0.253 96 | 1.076 | 1.148 [ 3044.95| 0.171 | 1.212
47 1 0.734 | 0.734 [ 2392.27] 0.117 | 0.792 97 | 1.009 | 1.009 [ 2967.14 | 0.161 | 1.129
48 | 0.786 | 0.786 | 2540.40 | 0.125 | 0.851 08 | 1.489 | 1.675 | 3328.66 | 0.237 | 1.716
49 | 0.945 | 0.945 [ 2876.38| 0.151 | 1.048 99 | 1.516 | 2.180 | 3340.83 | 0.242 | 1.748
50 | 1.290 | 1.247 [ 3225.06 | 0.206 | 1.476 100 | 1.858 | 1.751 | 3447.60| 0.296 | 2.145
Vv : Maximum Base Shear

A : Maximum Roof Displacement




Table A.3.21 Results of SDOF Analyses of Frame ‘F5S7B’
(MULTI Idealization Method)

MIDR : Maximum Inter-Story Drift Ratio

NC

: Not Considered
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MULTI MULTI
EQ PBmoet | Rvoem | V (KN) | A (m) NELZ)R EQ Bmorm | Rmuem | V (KN) [ A (m) NE(I)Z)R
1 [0.029 ] 0.029| 81.60 | 0.002 | 0.018 51 | 1.591 | 1.037 [ 2831.89| 0.111 | 1.128
2 [ 0.030]0.030] 86.00 | 0.002 | 0.019 52 | 2.365 | 2.471 [ 3080.12| 0.164 | 1.755
3 | 0.180 [ 0.173 | 450.30 | 0.013 | 0.116 53 | 0.648 | 0.633 | 1430.74 | 0.045 | 0.420
4 [ 0.001[ 0.091 | 246.78 | 0.006 | 0.058 54 | 1.479 | 1.258 | 2743.04 | 0.103 | 1.036
5 | 0.158 | 0.171 | 400.66 | 0.011 | 0.102 55 | 1.127 | 1.030 | 2281.97 | 0.078 | 0.763
6 | 0.215 | 0.224 | 526.23 | 0.015 | 0.139 56 | 3.283 | 2.150 [ 3120.16 | 0.228 | 2.441
7 | 0.345] 0.360| 804.11 | 0.024 | 0.224 57 | 0.841 | 1.083 | 1796.61| 0.058 | 0.557
8 | 0.387 | 0.437 | 892.23 | 0.027 | 0.251 58 | NC NC NC NC NC
9 [0.730[ 1.159 | 1591.43| 0.051 | 0.478 59 | 3.199 | 1.713 [ 3111.54 | 0.222 | 2.383
10 | 0.643 | 0.881 | 1421.42| 0.045 | 0.417 60 | 1.027 | 0.848 | 2122.58| 0.071 | 0.689
11 | 0.354 | 0.390 | 822.81 | 0.025 | 0.229 61 | 0.896 | 0.817 | 1897.91 | 0.062 | 0.596
12 | 0.478 | 0.504 [ 1082.51] 0.033 | 0.310 62 | 2.447 | 2.105 [ 3083.90| 0.170 | 1.817
13 | 0.857 | 0.802 | 1826.43| 0.060 | 0.569 63 | 2571 | 1.197 | 3087.85| 0.179 | 1.911
14 | 0.896 | 0.752 [ 1896.80| 0.062 | 0.596 64 | 1.716 | 1.348 [ 2903.32| 0.119 | 1.231
15 | 0.190 | 0.216 | 472.99 | 0.013 | 0.123 65 | 0.774 | 0.648 | 1673.62 | 0.054 | 0.510
16 | 0.489 | 0.498 [ 1105.28| 0.034 | 0.317 66 | 1.976 | 2.837 | 3010.49 | 0.137 | 1.443
17 | 0.442 | 0.475 [ 1005.94| 0.031 | 0.286 67 | 2.631 | 2.545 [ 3090.88 | 0.183 | 1.955
18 | 0.541 | 0.614 | 1212.76 | 0.038 | 0.351 68 | 1.563 | 2.192 | 2811.96 | 0.109 | 1.105
19 | 0.940 | 0.711 [ 1974.75| 0.065 | 0.627 69 | 2.937 | 2.221 [ 3106.03 | 0.204 | 2.185
20 | 1.101 | 0.854 | 2240.91| 0.076 | 0.743 70 | 3.051 | 2.041 | 3113.41| 0.212 | 2.271
21 | 0.904 | 0.784 [ 1912.29| 0.063 | 0.602 71 | 1.648 | 2.470 | 2869.02| 0.115 | 1.175
22 | 1.142] 1.130 [ 2304.14 | 0.079 | 0.774 72 | 1.259 | 1.428 | 2469.57 | 0.088 | 0.867
23 | 0.498 | 0.557 [ 1123.96 | 0.035 | 0.323 73 | NC NC NC NC NC
24 | 0.256 | 0.289 | 614.19 | 0.018 | 0.165 74 | 2.135 | 1.934 [ 3055.90 | 0.148 | 1.578
25 | 0.665 | 0.711 | 1465.70 | 0.046 | 0.432 75 | 3.147 | 2.205 | 3115.73 | 0.219 | 2.342
26 | 1.406 | 1.582 | 2664.11 | 0.098 | 0.979 76 | 1.232 | 1.188 [ 2432.17| 0.086 | 0.844
27 | 1.118 | 1.173 [ 2267.76 | 0.078 | 0.756 77 | 5.100 | 1.777 [ 3132.07 | 0.354 | 3.898
28 | 0.934 | 0.882 [ 1964.10| 0.065 | 0.623 78 | 2.669 | 1.870 | 3094.10 | 0.185 | 1.983
29 | 1.150 | 1.288 | 2315.50 | 0.080 | 0.780 79 | 2.690 | 3.186 [ 3095.71| 0.187 | 1.999
30 | 0.202 ] 0.227 [ 499.29 | 0.014 | 0.131 80 | NC NC NC NC NC
31 | 1.553 | 1.110 | 2804.34 | 0.108 | 1.097 81 | NC NC NC NC NC
32 | 1.098 | 1.509 [ 2236.43| 0.076 | 0.741 82 | NC NC NC NC NC
33 | 0.660 | 0.675 | 1454.80 | 0.046 | 0.428 83 | 2.960 | 4.500 | 3107.39 | 0.206 | 2.203
34 | 0.675 | 0.827 [ 1485.85| 0.047 | 0.439 84 | 1.573 | 2.288 [ 2819.48| 0.109 | 1.113
35 | 0.710 | 0.553 | 1553.86 | 0.049 | 0.464 85 | 2.296 | 3.094 [ 3078.15| 0.160 | 1.702
36 | 0.984 | 1.271 [ 2051.61 | 0.068 | 0.658 86 | 1.845 | 1.299 | 2964.43 | 0.128 | 1.335
37 | 1.612 | 2.186 [ 284527 0.112 | 1.145 87 | NC NC NC NC NC
38 | 1.258 | 0.937 | 2467.79| 0.087 | 0.866 88 | 3.032 | 3.222 | 3111.73| 0.211 | 2.258
39 | 0.480 | 0.540 [ 1085.89 | 0.033 | 0.311 89 | 2.743 | 2.377 [ 3099.13| 0.191 | 2.038
40 | 1.128 | 1.086 | 2284.03| 0.078 | 0.764 90 | 2.668 | 3.251 | 3094.06 | 0.185 | 1.983
41 | 1.517 | 1.562 [ 2775.81| 0.105 | 1.068 91 | NC NC NC NC NC
42 | 1.135 | 1.423[ 2293.48] 0.079 | 0.769 92 | 1.955 | 1.944 [ 3004.31| 0.136 | 1.425
43 | 2.111 | 2.049 | 3049.05 | 0.147 | 1.558 93 | 4.324 | 2.813 | 3121.06 | 0.300 | 3.267
44 | 1.099 | 1.221 [ 2237.81| 0.076 | 0.742 94 | NC NC NC NC NC
45 | 1.658 | 1.133 | 2874.48| 0.115 | 1.182 o5 | 2.832 | 2.835 [ 3098.20| 0.197 | 2.104
46 | 0.603 | 0.711 [ 1339.67 | 0.042 | 0.391 96 | 2.055 | 2.511 | 3032.12 | 0.143 | 1.510
47 |1 0.660 | 0.678 | 1456.08 | 0.046 | 0.429 97 | 2.186 | 4.267 | 3067.98 | 0.152 | 1.618
48 | 0.835 | 0.879 | 1785.50 | 0.058 | 0.553 08 | 2.378 | 3.133 | 3081.17| 0.165 | 1.766
49 | 1.099 | 1.272 [ 2237.65| 0.076 | 0.742 99 | NC NC NC NC NC
50 | 2.100 | 1.437 [ 3045.79] 0.146 | 1.549 100 | 2.845 | 4.092 | 3099.19| 0.198 | 2.114

Vv : Maximum Base Shear

A : Maximum Roof Displacement




Table A.3.22 Results of SDOF Analyses of Frame ‘F5S7B’

(ATC ldealization Method)

122

ATC ATC
0 ware | Rure | vaw | amm | Moot || 0 ware | Rare | v | amm) | V2R
1 [0.029 ] 0.029| 81.60 | 0.002 | 0.018 51 | 1.038 | 1.037 [ 2139.76 | 0.072 | 0.697
2 [ 0.030]0.030] 86.00 | 0.002 | 0.019 52 | 2522 [ 2.471 [ 3086.79| 0.175 | 1.875
3 [ 0.173] 0.173 | 435.69 | 0.012 | 0.112 53 | 0.633 | 0.633 | 1400.51 | 0.044 | 0.411
4 [ 0.091[ 0.091 | 246.62 | 0.006 | 0.058 54 | 1.330 | 1.258 | 2565.33 | 0.092 | 0.921
5 | 0.171 | 0.171 | 430.98 | 0.012 | 0.111 55 | 1.031 | 1.030 | 2129.33 | 0.072 | 0.692
6 | 0.224 | 0.224 | 546.38 | 0.016 | 0.145 56 | 3.101 | 2.150 | 3115.81 | 0.216 | 2.309
7 | 0.360 ] 0.360 | 835.89 | 0.025 | 0.233 57 | 1.088 | 1.083 | 2220.00| 0.076 | 0.733
8 | 0.437 | 0.437 | 995.96 | 0.030 | 0.283 58 | NC NC NC NC NC
9 [ 1.121] 1.159 | 2273.20| 0.078 | 0.759 59 | 2.501 | 1.713 [ 3085.31| 0.174 | 1.859
10 | 0.881 | 0.881 | 1870.44| 0.061 | 0.586 60 | 0.848 | 0.848 | 1810.47 | 0.059 | 0.562
11 | 0.390 | 0.390 | 898.17 | 0.027 | 0.253 61 | 0.817 | 0.817 | 1752.19 | 0.057 | 0.540
12 | 0.504 | 0.504 [ 1135.29] 0.035 | 0.327 62 | 2.784 | 2.105 [ 3098.51 | 0.193 | 2.068
13 | 0.802 | 0.802 | 1724.03| 0.056 | 0.529 63 | 1.195 | 1.197 | 2382.02| 0.083 | 0.815
14 | 0.752 | 0.752 | 1631.49| 0.052 | 0.493 64 | 1.440 | 1.348 | 2703.90 | 0.100 | 1.005
15 | 0.216 | 0.216 | 528.91 | 0.015 | 0.140 65 | 0.648 | 0.648 | 1432.65 | 0.045 | 0.421
16 | 0.498 | 0.498 [ 1123.98| 0.035 | 0.323 66 | 2.448 | 2.837 [ 3083.89 | 0.170 | 1.818
17 | 0.475 | 0.475 | 1075.54| 0.033 | 0.308 67 | 2.803 | 2.545 [ 3097.87 | 0.195 | 2.082
18 | 0.614 | 0.614 | 1362.84| 0.043 | 0.399 68 | 1.894 | 2.192 | 2983.98 | 0.132 | 1.375
19 | 0.711 | 0.711 | 1555.78| 0.049 | 0.465 69 | 3.064 | 2.221 [ 3114.31| 0.213 | 2.280
20 | 0.854 | 0.854 | 1821.69 | 0.059 | 0.567 70 | 2.320 | 2.041 | 3078.80| 0.161 | 1.720
21 | 0.784 | 0.784 | 1691.58 | 0.054 0.516 71 | 1.635 | 2.470 | 2860.53| 0.114 1.164
22 | 1.142 |1 1.130 | 2304.67| 0.079 0.775 72 | 1.526 | 1.428 | 2783.20| 0.106 1.075
23 | 0.557 | 0.557 | 1244.14 | 0.039 | 0.361 73 | NC NC NC NC NC
24 | 0.289 | 0.289 | 685.25 | 0.020 | 0.187 74 | 1.840 | 1.934 [ 2962.28 | 0.128 | 1.330
25 ] 0.711 | 0.711 | 1554.49| 0.049 0.464 75 | 2.243 | 2.205 | 3074.35| 0.156 1.663
26 | 1.276 | 1.582 [ 2492.84 | 0.089 | 0.880 76 | 1.208 | 1.188 | 2398.78 | 0.084 | 0.825
27 | 1.188 | 1.173 | 2371.25] 0.083 0.809 77 | 3.824 | 1.777 | 3110.68| 0.266 2.862
28 | 0.882 | 0.882 [ 1873.04 | 0.061 | 0.587 78 | 2.765 | 1.870 | 3099.86 | 0.192 | 2.054
29 | 1.349 | 1.288 [ 2590.36 | 0.094 | 0.935 79 | 2.145 | 3.186 [ 3058.47 | 0.149 | 1.585
30 | 0.227 | 0.227 | 552.17 0.016 0.147 80 NC NC NC NC NC
31| 1.119] 1.110 | 2269.11 | 0.078 | 0.757 81 NC NC NC NC NC
32 | 1.332| 1.509 [ 2567.92| 0.093 | 0.922 82 | NC NC NC NC NC
33 | 0.675 | 0.675 | 1484.39 | 0.047 | 0.439 83 | 3.253 | 4.500 | 3117.51| 0.226 | 2.420
34 | 0.826 | 0.826 [ 1770.20| 0.057 | 0.547 84 | 1.859 | 2.288 [ 2970.13| 0.129 | 1.346
35 | 0.553 | 0.553 [ 1237.21] 0.038 | 0.359 85 | 2.247 | 3.004 [ 3073.97 | 0.156 | 1.665
36 | 1.315 | 1.271 | 2545.23| 0.091 | 0.909 86 | 1.368 | 1.299 | 2616.28 | 0.095 | 0.950
37 | 2.065 | 2.186 [ 3035.60 | 0.144 | 1.519 87 | NC NC NC NC NC
38 | 0.937 | 0.937 [ 1969.31| 0.065 | 0.625 88 | 3.004 | 3.222 | 3109.79 | 0.209 | 2.236
39 | 0.540 | 0.540 [ 1209.32| 0.038 | 0.350 89 | 1.877 | 2.377 [ 2977.51| 0.130 | 1.361
40 | 1.093 | 1.086 | 2228.64| 0.076 | 0.737 90 | 2.569 | 3.251 [ 3087.90 | 0.179 | 1.909
41 | 1.512 | 1.562 | 2771.65]| 0.105 1.063 91 NC NC NC NC NC
42 | 1.350 | 1.423 [ 2592.29] 0.094 | 0.936 92 | 2.113 | 1.944 [ 3049.86 | 0.147 | 1.560
43 | 1.675 | 2.049 | 2883.56| 0.116 1.197 93 | 3.195 | 2.813 | 3111.28| 0.222 2.380
44 | 1.249 | 1.221 [ 2455.26 | 0.087 | 0.858 94 | NC NC NC NC NC
45 | 1.159 | 1.133 [ 2329.54 | 0.081 | 0.787 95 | 3.798 | 2.835 [ 3111.49| 0.264 | 2.840
46 | 0.711 | 0.711 | 1555.69 | 0.049 | 0.465 96 | 3.918 | 2.511 | 3113.54| 0.272 | 2.938
47 1 0.678 | 0.678 [ 1491.55| 0.047 | 0.441 97 | 2.886 | 4.267 | 3102.93 | 0.201 | 2.146
48 | 0.879 | 0.879 | 1867.71 | 0.061 0.585 98 | 2.100 | 3.133 | 3045.95| 0.146 1.549
49 | 1.156 | 1.272 [ 2324.36 | 0.080 | 0.785 99 | NC NC NC NC NC
50 | 1.621 | 1.437 | 2851.24| 0.113 1.152 100 | 3.922 | 4.092 | 3113.69| 0.273 2.941
Vv : Maximum Base Shear
A : Maximum Roof Displacement
MIDR : Maximum Inter-Story Drift Ratio
NC : Not Considered




Table A.3.23 Results of SDOF Analyses of Frame ‘F5S7B’

(FEMA ldealization Method)

MIDR : Maximum Inter-Story Drift Ratio

NC

: Not Considered
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FEMA FEMA
EQ Brema | Reema | V (KN) | A (M) NELZ)R EQ Bereva | Reema | V(KN) | A (m) NE(I)Z)R
1 [0.020] 0.020| 78.31 | 0.002 | 0.018 51 | 1.165 | 1.262 | 2856.78 | 0.113 | 1.159
2 [ 0.033]0.033] 133.75 | 0.003 | 0.030 52 | 1.741 | 1.585 [ 3083.64 | 0.169 | 1.808
3 | 0.158 [ 0.158 | 540.07 | 0.015 | 0.143 53 | 0.521 | 0.521 | 1588.47 | 0.051 | 0.477
4 | 0.065[ 0.065 | 246.06 | 0.006 | 0.058 54 | 1.062 | 1.058 [ 2748.21| 0.103 | 1.041
5 | 0.136 | 0.136 | 471.28 | 0.013 | 0.123 55 | 0.872 | 0.872 | 2415.39| 0.085 | 0.834
6 | 0.118 ] 0.118 | 415.93 | 0.011 | 0.106 56 | 2.380 | 2.130 [ 3123.80| 0.231 | 2.474
7 | 0.332] 0.332 | 1052.60] 0.032 | 0.301 57 | 0.737 | 0.737 | 2127.44| 0.072 | 0.692
8 | 0.418 | 0.418 | 1301.49| 0.041 | 0.379 58 | NC NC NC NC NC
9 | 0587 [ 0.587 | 1760.34| 0.057 | 0.543 59 | 2.305 | 1.700 | 3114.48 | 0.224 | 2.399
10 | 0.449 | 0.449 | 1391.74| 0.044 | 0.408 60 | 0.832 | 0.832 | 2335.70| 0.081 | 0.791
11 | 0.270 | 0.270 | 871.44 | 0.026 | 0.244 61 | 0.755 | 0.755 | 2168.09 | 0.073 | 0.710
12 | 0.450 | 0.450 [ 1393.00] 0.044 | 0.408 62 | 2.180 | 1.984 [ 3113.26 | 0.212 | 2.270
13 | 0.730 | 0.730 | 2111.13| 0.071 | 0.684 63 | 2.161 | 1.745 | 3110.71| 0.210 | 2.250
14 | 0.804 | 0.804 [ 2277.40] 0.078 | 0.761 64 | 1.258 | 1.221 [ 2922.18] 0.122 | 1.264
15 | 0.143 | 0.143 | 494.90 | 0.014 | 0.130 65 | 0.546 | 0.546 | 1653.71 | 0.053 | 0.502
16 | 0.410 | 0.410 | 1279.63| 0.040 | 0.372 66 | 2.143 | 1.484 | 3109.43 | 0.208 | 2.231
17 | 0.444 | 0.444 [ 1377.79] 0.043 | 0.403 67 | 2.429 | 2.066 | 3127.69| 0.236 | 2.523
18 | 0.464 | 0.464 | 1432.40| 0.045 | 0.421 68 | 1.370 | 1.468 | 2991.75| 0.133 | 1.393
19 | 0.845 | 0.845 [ 2362.91| 0.082 | 0.805 69 | 2.596 | 2.073 [ 3127.39| 0.252 | 2.702
20 | 0.818 | 0.818 | 2306.70| 0.079 | 0.776 70 | 2.311 | 1.854 | 3115.38 | 0.225 | 2.405
21 | 0.814 | 0.814 [ 2299.01| 0.079 | 0.772 71 | 1.285 | 1.391 | 2941.63 | 0.125 | 1.296
22 | 0.896 | 0.896 [ 2461.48| 0.087 | 0.862 72 | 0.913 [ 0.913 | 2494.42] 0.089 | 0.881
23 | 0.492 | 0.492 [ 1509.72 | 0.048 | 0.448 73 | NC NC NC NC NC
24 | 0.253 | 0.253 | 823.47 | 0.025 | 0.230 74 | 1.457 | 1.558 | 3026.76 | 0.142 | 1.496
25 | 0.501 | 0.501 | 1536.22 | 0.049 | 0.457 75 | 2.423 | 1.747 | 3127.10| 0.235 | 2.517
26 | 1.169 | 1.381 [ 2860.18 | 0.114 | 1.163 76 | 1.020 | 1.048 | 2688.69 | 0.099 | 0.995
27 | 0.828 | 0.828 | 2327.44| 0.080 | 0.786 77 | 4.203 | 2.199 | 3182.87 | 0.408 | 4.519
28 | 0.665 | 0.665 | 1957.38 | 0.065 | 0.620 78 | 2.027 | 1.595 | 3098.39 | 0.197 | 2.106
29 | 0.911 | 0.911 [ 2489.41| 0.089 | 0.878 79 | 1.844 | 2.759 [ 3087.57 | 0.179 | 1.917
30 | 0.200 | 0.200 | 665.64 | 0.019 | 0.181 80 | NC NC NC NC NC
31 | 1.468 | 1.378 [ 3031.72| 0.143 | 1.509 81 | NC NC NC NC NC
32 [ 0.942 ] 0.942 [ 2548.42] 0.092 | 0.911 82 | NC NC NC NC NC
33 | 0.480 | 0.480 | 1477.86 | 0.047 | 0.437 83 | 2.438 | 4.203 | 3128.42| 0.237 | 2.533
34 | 0.436 | 0.436 | 1354.69 | 0.042 | 0.396 84 | 1.358 | 1.515 [ 2985.65 | 0.132 | 1.379
35 | 0.681 | 0.681 [ 1997.84 | 0.066 | 0.636 85 | 1.856 | 1.844 | 3088.27 | 0.180 | 1.929
36 | 0.815 | 0.815 | 2301.57 | 0.079 | 0.773 86 | 1.369 | 1.512 | 2991.32| 0.133 | 1.392
37 | 1.296 | 1.554 [ 2949.15| 0.126 | 1.308 87 | NC NC NC NC NC
38 | 1.163 | 1.242 | 2854.47| 0.113 | 1.156 88 | 2.450 | 2.595 | 3129.14 | 0.238 | 2.545
39 | 0.337 | 0.337 [ 1066.62 | 0.033 | 0.305 89 | 1.696 | 2.014 | 3080.65 | 0.165 | 1.760
40 | 0.907 | 0.907 | 2481.47| 0.088 | 0.874 90 | 2.164 | 2.261 [ 3111.12| 0.210 | 2.253
41 | 1.598 | 1.537 [ 3074.57 | 0.155 | 1.657 91 | NC NC NC NC NC
42 | 0.841 | 0.841 [ 2354.19| 0.082 | 0.800 92 | 1.378 | 1.928 [ 2995.40| 0.134 | 1.402
43 | 1.769 | 1.558 | 3084.54 | 0.172 | 1.838 03 | 3.132 | 2.821 [ 3121.28| 0.304 | 3.314
44 | 0.927 | 0.927 [ 2520.62 | 0.090 | 0.895 94 | NC NC NC NC NC
45 | 1.485 | 1.441[3039.28| 0.144 | 1.529 95 | 1.826 | 3.186 | 3088.11| 0.178 | 1.899
46 | 0.425 | 0.425 [ 1320.52 | 0.041 | 0.385 96 | 2.149 | 3.007 | 3109.88 | 0.209 | 2.238
47 | 0.501 | 0.501 [ 1536.59 | 0.049 | 0.457 97 | 1.990 | 3.311 [ 3098.51 | 0.193 | 2.068
48 | 0.717 | 0.717 | 2082.79| 0.070 | 0.672 98 | 1.675 | 3.574 | 3079.35| 0.163 | 1.738
49 | 0.971 | 0.971 [ 2602.90 | 0.094 | 0.942 99 | NC NC NC NC NC
50 | 1.582 | 1.733 [ 3072.04| 0.154 | 1.639 100 | 2.461 | 3.746 | 3129.71| 0.239 | 2.557

Vv : Maximum Base Shear
A : Maximum Roof Displacement




Table A.3.24 Results of SDOF Analyses of Frame ‘F5S7B’

(75%VYy ldealization Method)

MIDR : Maximum Inter-Story Drift Ratio

NC

: Not Considered

124

75%Vy 75%Vy
EQ K 750wy | Rzswevy | V (KN) | A (m) NELZ)R EQ B 7506wy | Rzsoevy | V (KN) [ A (m) NE(I)Z)R
1 [0.022]0.022| 95.18 | 0.002 | 0.022 51 | 1.178 | 1.282[ 2934.61| 0.124 | 1.284
2 | 0.033]0.033| 143.66 | 0.004 | 0.033 52 | 1.604 | 1.490 | 3084.42| 0.169 | 1.803
3 | 0.152 ] 0.152 | 560.31 | 0.016 | 0.149 53 | 0.490 | 0.490 | 1611.95| 0.052 | 0.486
4 | 0.054 [ 0.054 | 224.40 | 0.006 | 0.052 54 | 1.055 | 1.052 | 2836.27 | 0.111 | 1.133
5 | 0.127 | 0.127 | 478.64 | 0.013 | 0.125 55 | 0.807 | 0.807 | 2418.76 | 0.085 | 0.836
6 | 0.102 | 0.102 | 393.08 | 0.011 | 0.100 56 | 2.233 | 2.092 [ 3126.73| 0.235 | 2.511
7 | 0.338] 0.338 | 1151.43] 0.036 | 0.332 57 | 0.632 | 0.632 | 2003.39| 0.066 | 0.638
8 | 0.372 [ 0.372 | 1256.56 | 0.039 | 0.365 58 | NC NC NC NC NC
9 [ 0.502 [ 0.502 | 1646.95| 0.053 | 0.499 59 | 2.271 | 1.700 [ 3129.54 | 0.239 | 2.553
10 | 0.345 | 0.345 | 1174.33| 0.036 | 0.339 60 | 0.884 | 0.884 | 2576.56 | 0.093 | 0.927
11 | 0.239 [ 0.239 | 840.35 | 0.025 | 0.235 61 | 0.701 | 0.701 | 2177.20 | 0.074 | 0.714
12 | 0.478 [ 0.478 | 1577.95] 0.050 | 0.473 62 | 2.031 | 1.874 [ 3114.77| 0.214 | 2.288
13 | 0.748 | 0.748 | 2289.29| 0.079 | 0.767 63 | 2.172 | 1.780 | 3120.65 | 0.229 | 2.445
14 | 0.804 | 0.804 [ 2410.95| 0.085 | 0.832 64 | 1.213 | 1.186 [ 2960.10 | 0.128 | 1.327
15 | 0.138 | 0.138 | 514.05 | 0.015 | 0.135 65 | 0.566 | 0.566 | 1826.18 | 0.060 | 0.568
16 | 0.394 | 0.394 [ 1326.21| 0.041 | 0.387 66 | 1.653 | 1.340 | 3085.34 | 0.174 | 1.860
17 | 0.453 | 0.453 | 1505.97| 0.048 | 0.447 67 | 2.194 | 1.902 | 3123.27| 0.231 | 2.469
18 | 0.395 | 0.395 | 1327.90| 0.042 | 0.388 68 | 1.203 | 1.307 | 2953.10| 0.127 | 1.315
19 | 0.901 | 0.901 [ 2609.91| 0.095 | 0.946 69 | 2.516 | 1.759 | 3111.36 | 0.265 | 2.848
20 | 0.848 | 0.848 | 2503.19| 0.089 | 0.886 70 | 2.306 | 1.814 | 3126.56 | 0.243 | 2.594
21 | 0.722 | 0.722 [ 2228.40| 0.076 | 0.737 71 | 1.113 | 1.172[ 2888.00| 0.117 | 1.204
22 | 0.841 | 0.841 | 2488.48| 0.088 | 0.877 72 | 0.917 [ 0.917 [ 2641.77| 0.096 | 0.965
23 | 0.458 | 0.458 [ 1520.05 | 0.048 | 0.452 73 | NC NC NC NC NC
24 | 0.236 | 0.236 | 829.32 | 0.025 | 0.231 74 | 1.498 | 1.544 [ 3075.57 | 0.158 | 1.681
25 | 0.536 | 0.536 | 1743.46 | 0.056 | 0.536 75 | 2.703 | 2.070 | 3111.71| 0.284 | 3.076
26 | 1.164 | 1.324 [ 2924.06 | 0.123 | 1.267 76 | 1.090 | 1.097 | 2870.16 | 0.115 | 1.176
27 | 0.757 | 0.757 [ 2308.96 | 0.080 | 0.777 77 | 3.757 | 2.298 | 3177.42| 0.395 | 4.368
28 | 0.678 | 0.678 [ 2120.79| 0.071 | 0.689 78 | 1.907 | 1.635 | 3102.94 | 0.201 | 2.146
29 | 0.905 | 0.905 [ 2617.17 | 0.095 | 0.950 79 | 1.813 | 2.575 [ 3099.17 | 0.191 | 2.039
30 | 0.165 | 0.165 [ 600.62 | 0.017 | 0.161 80 | NC NC NC NC NC
31 | 1.300 | 1.252 [ 3008.32| 0.137 | 1.437 81 | NC NC NC NC NC
32 [ 0.912] 0.912 [ 2632.24| 0.096 | 0.959 82 | NC NC NC NC NC
33 | 0.436 | 0.436 | 1455.82 | 0.046 | 0.429 83 | 2.111 | 4.118 | 3111.25| 0.222 | 2.379
34 | 0.444 | 0.444 [ 1479.93| 0.047 | 0.437 84 | 1.194 | 1.224 [ 2946.22| 0.126 | 1.303
35 | 0.709 | 0.709 [ 2195.75| 0.075 | 0.722 85 | 1.851 | 1.730 [ 3097.91 | 0.195 | 2.082
36 | 0.720 | 0.720 | 2223.01| 0.076 | 0.735 86 | 1.352 | 1.540 | 3029.39 | 0.142 | 1.503
37 | 1.326 | 1.378 [ 3019.60 | 0.139 | 1.470 87 | NC NC NC NC NC
38 | 1.161 | 1.146 | 2921.72| 0.122 | 1.264 88 | 2.175 | 2.445 | 3121.00| 0.229 | 2.447
39 | 0.307 | 0.307 [ 1054.14 | 0.032 | 0.301 89 | 1.672 | 2.011 [ 3087.31| 0.176 | 1.882
40 | 0.936 | 0.936 | 2676.67 | 0.098 | 0.987 90 | 1.973 | 2.107 | 3108.87 | 0.208 | 2.223
41 | 1.297 | 1.446 [ 3006.80 | 0.136 | 1.433 91 | NC NC NC NC NC
42 | 0.756 | 0.756 | 2307.44 | 0.080 | 0.776 92 | 1.399 | 1.815 [ 3050.99 | 0.147 | 1.563
43 | 1.628 | 1.452 | 3084.42 | 0.171 | 1.831 93 | 3.151 | 2.810 | 3131.68 | 0.331 | 3.631
44 | 1.037 | 1.036 [ 2817.34| 0.109 | 1.111 94 | NC NC NC NC NC
45 | 1.451 | 1.370 [ 3069.62 | 0.153 | 1.626 95 | 1.787 | 2.862 [ 3096.81 | 0.188 | 2.011
46 | 0.383 | 0.383 [ 1290.78| 0.040 | 0.376 96 | 1.756 | 3.003 | 3093.17 | 0.185 | 1.975
47 | 0.490 | 0.490 [ 1613.41| 0.052 | 0.486 97 | 2.168 | 2.627 [ 3120.10| 0.228 | 2.441
48 | 0.717 | 0.717 | 2217.20| 0.075 | 0.732 98 | 1.794 | 2.825 [ 3097.57 | 0.189 | 2.018
49 | 0.908 | 0.908 [ 2623.90| 0.096 | 0.954 99 | NC NC NC NC NC
50 | 1.586 | 1.717 [ 3083.13| 0.167 | 1.783 100 | 1.919 | 3.323 [ 3104.10| 0.202 | 2.160
Vv : Maximum Base Shear
A : Maximum Roof Displacement




Table A.3.25 Results of SDOF Analyses of Frame ‘F8S3B’
(MULTI Idealization Method)
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MULTI MULTI
EQ PBmoet | Rvoem | V (KN) | A (m) NELZ)R EQ Bmorm | Rmuem | V (KN) [ A (m) NE(I)Z)R
1 [ 0.034 | 0.034 | 115.24 | 0.005 | 0.020 51 | 1.920 | 1.895 [ 3599.79 | 0.290 | 1.247
2 [ 0.024]0.024] 82.96 | 0.004 | 0.015 52 | 1.308 | 0.971 | 3259.63| 0.197 | 0.797
3 [ 0.177 [ 0.177 | 563.81 | 0.027 | 0.106 53 | 0.916 | 0.865 | 2507.81 | 0.138 | 0.543
4 | 0.047 [ 0.047 | 163.80 | 0.007 | 0.028 54 | 1.575 | 1.422 [ 3432.64 | 0.238 | 0.996
5 | 0.081 [ 0.081 | 277.20 | 0.012 | 0.048 55 | 1.585 | 1.628 | 3437.62 | 0.239 | 1.003
6 | 0.118 ] 0.119 | 391.13 | 0.018 | 0.070 56 | 1.930 | 2.214 [ 3603.80| 0.291 | 1.254
7 | 0.2900] 0.297 | 874.06 | 0.044 | 0.173 57 | 1.206 | 1.122 | 3160.59 | 0.182 | 0.718
8 | 0.467 | 0.546 | 1343.08| 0.070 | 0.278 58 | 2.027 | 1.906 | 3644.58 | 0.306 | 1.323
9 [ 0.726 [ 0.756 | 2019.78 | 0.110 | 0.431 59 | 4.341 | 2.876 [ 4026.35| 0.655 | 2.661
10 | 0.299 | 0.294 | 898.17 | 0.045 | 0.178 60 | 0.644 | 0.771 | 1805.80 | 0.097 | 0.383
11 | 0.276 | 0.260 | 836.89 | 0.042 | 0.165 61 | 1.309 | 1.357 | 3260.59 | 0.197 | 0.798
12 | 0.665 | 0.571 [ 1860.31] 0.100 | 0.395 62 | 1.023 | 1.156 [ 2780.09 | 0.154 | 0.606
13 | 0.470 | 0.635 | 1353.37| 0.071 | 0.280 63 | 1.626 | 2.217 | 3460.05 | 0.245 | 1.034
14 | 0.911 | 0.876 | 2494.63| 0.137 | 0.540 64 | 2.233 | 1.444 [ 3720.47| 0.337 | 1.467
15 | 0.218 | 0.279 | 676.41 | 0.033 | 0.130 65 | 1.047 | 0.983 | 2841.04 | 0.158 | 0.620
16 | 0.638 | 0.532 [ 1790.93| 0.096 | 0.379 66 | 1.277 | 1.023 | 3233.51| 0.193 | 0.773
17 | 0.888 | 0.841 [ 2435.98] 0.134 | 0.527 67 | 1.549 | 1.952 | 3418.43| 0.234 | 0.977
18 | 0.297 | 0.337 | 893.19 | 0.045 | 0.177 68 | 2.180 | 2.443 | 3701.76 | 0.329 | 1.430
19 | 1.053 | 1.119 | 2856.09| 0.159 | 0.624 69 | 2.092 | 3.182 [ 3669.54 | 0.315 | 1.369
20 | 2.927 | 2.357 | 3890.27 | 0.441 | 1.905 70 | 2.184 | 3.214 | 3703.42| 0.329 | 1.433
21 | 0.890 | 1.046 [ 2441.96 | 0.134 | 0.528 71 | 0.761 | 0.888 | 2110.01 | 0.115 | 0.452
22 | 1.267 | 1.319 [ 3224.97| 0.191 | 0.765 72 | 1.785 | 1.694 [ 3538.43| 0.269 | 1.149
23 | 0.458 | 0.448 [ 1320.94 | 0.069 | 0.273 73 | 3.028 | 2.749 | 3906.13| 0.457 | 1.964
24 | 0.350 | 0.386 [ 1033.75| 0.053 | 0.208 74 | 1.207 | 1.446 | 3162.47| 0.182 | 0.719
25 | 0.966 | 0.819 | 2637.05| 0.146 | 0.573 75 | 2.267 | 1.655 | 3731.73 | 0.342 | 1.489
26 | 1.224 | 1.710 [ 3183.11| 0.185 | 0.730 76 | 1.145 | 1.355 | 3058.45| 0.173 | 0.677
27 | 0.868 | 0.846 [ 2385.04 | 0.131 | 0.515 77 | NC NC NC NC NC
28 | 2.475 | 2.080 [ 3797.61| 0.373 | 1.630 78 | 1.748 | 2.813 | 3521.14 | 0.264 | 1.122
29 | 2.251 | 1.994 [ 3726.44 | 0.339 | 1.479 79 | 1.075 | 1.158 [ 2906.54 | 0.162 | 0.636
30 | 0.083] 0.083 | 282.10 | 0.012 | 0.049 80 | 2.226 | 4.019 | 3717.84| 0.336 | 1.461
31 | 1.211 | 1.251 [ 3167.98 | 0.183 | 0.721 81 | 4.798 | 4.863 | 4055.98 | 0.724 | 2.896
32 | 1.641 | 1.388 [ 3467.87| 0.247 | 1.045 82 | NC NC NC NC NC
33 | 0.265 | 0.262 | 807.42 | 0.040 | 0.158 83 | 1.551 | 2.124 | 3419.70 | 0.234 | 0.978
34 | 0.628 | 0.697 [ 1763.86| 0.095 | 0.373 84 | 1.032 [ 0.931 [ 2803.53| 0.156 | 0.612
35 | 0.703 | 0.505 [ 1960.67 | 0.106 | 0.418 85 | 1.616 | 2.271 | 3454.32| 0.244 | 1.026
36 | 0.866 | 0.845 | 2379.34| 0.131 | 0.514 86 | 1.826 | 1.874 | 3557.34 | 0.275 | 1.179
37 | 1.523 | 1.933[ 3404.36 | 0.230 | 0.957 87 | 2.666 | 2.202 | 3845.09| 0.402 | 1.753
38 | 1.053 | 1.138 | 2857.68| 0.159 | 0.624 88 | 2.522 | 2.828 | 3810.55| 0.380 | 1.661
39 [ 0.177 | 0.191 | 562.23 | 0.027 | 0.105 89 | 2.528 | 2.954 | 3811.97 | 0.381 | 1.665
40 | 2.902 | 1.792| 3885.94 | 0.438 | 1.890 90 | 1.505 | 1.419 [ 3394.02| 0.227 | 0.944
41 | 1.528 | 1.443[ 3407.33| 0.230 | 0.961 91 | 2.649 | 2.466 | 3841.13| 0.399 | 1.742
42 | 0.401 | 0.385 [ 1169.96 | 0.060 | 0.239 92 | 1.700 | 1.554 | 3497.54 | 0.256 | 1.087
43 | 1.586 | 1.215 | 3438.41| 0.239 | 1.004 03 | 1.639 | 2.522 | 3466.45 | 0.247 | 1.043
44 | 1.760 | 2.351 [ 3526.90 | 0.265 | 1.131 94 | 2.699 | 3.009 | 3851.79| 0.407 | 1.772
45 | 1.806 | 1.697 [ 3548.42| 0.272 | 1.165 o5 | 3.283 | 3.124 [ 3939.34 | 0.495 | 2.107
46 | 0.361 | 0.315 | 1064.98 | 0.054 | 0.215 96 | 1.186 | 1.728 | 3128.70| 0.179 | 0.704
47 | 1.079 | 0.900 [ 2915.79| 0.163 | 0.639 97 | 1.436 | 1.551 | 3352.68 | 0.217 | 0.893
48 | 1.223 | 0.999 | 3182.17 | 0.184 | 0.730 08 | 1.949 | 1.746 | 3611.99 | 0.294 | 1.267
49 | 1.085 | 0.952 [ 2929.18| 0.164 | 0.642 99 | 1.948 | 2.257 [ 3611.72| 0.294 | 1.267
50 | 1.715 | 1.552 [ 3505.11 | 0.259 | 1.099 100| NC NC NC NC NC

Vv : Maximum Base Shear

A : Maximum Roof Displacement
MIDR : Maximum Inter-Story Drift Ratio
NC : Not Considered
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ATC ATC
0 ware | Rure | vaw | amm | Moot || 0 ware | Rare | v | amm) | V2R
1 [ 0.034 | 0.034 | 115.23 | 0.005 | 0.020 51 | 1.578 | 1.895 [ 3434.25| 0.238 | 0.998
2 [ 0.024]0.024| 82.97 | 0.004 | 0.015 52 | 0.971 | 0.971 | 2649.06 | 0.146 | 0.576
3 [ 0.177 | 0.177 | 563.11 | 0.027 | 0.106 53 | 0.865 | 0.865 | 2378.02 | 0.130 | 0.513
4 | 0.047 [ 0.047 | 163.79 | 0.007 | 0.028 54 | 1.333 | 1.422[3279.15| 0.201 | 0.816
5 | 0.081 [ 0.081 | 277.14 | 0.012 | 0.048 55 | 1.344 | 1.628 | 3287.13| 0.203 | 0.824
6 | 0.119 | 0.119 | 394.16 | 0.018 | 0.071 56 | 1.696 | 2.214 | 3495.65 | 0.256 | 1.085
7 0.297 | 0.297 | 891.78 0.045 | 0.177 57 | 1.104 | 1.122 | 2971.82| 0.166 | 0.652
8 | 0.547 | 0.547 | 1552.86 | 0.082 | 0.325 58 | 1.466 | 1.906 | 3371.11| 0.221 | 0.915
9 [ 0.756 | 0.756 | 2096.88 | 0.114 | 0.449 59 | 4.080 | 2.876 | 4007.57 | 0.615 | 2.526
10 | 0.294 | 0.294 | 885.36 | 0.044 | 0.176 60 | 0.772 | 0.772 | 2136.67 | 0.116 | 0.458
11 | 0.260 | 0.260 | 791.82 | 0.039 | 0.155 61 | 1.448 | 1.357 | 3360.18 | 0.218 | 0.902
12 | 0.571 | 0571 [ 1617.06| 0.086 | 0.340 62 | 1.092 | 1.156 | 2945.10| 0.165 | 0.646
13 | 0.635 | 0.635 | 1782.73| 0.096 | 0.377 63 | 2.152 | 2.217 | 3691.82 | 0.324 | 1.411
14 | 0.876 | 0.876 | 2405.59| 0.132 | 0.520 64 | 1.648 | 1.444 [ 3471.16| 0.248 | 1.050
15 | 0.279 | 0.279 | 843.77 | 0.042 | 0.166 65 | 0.983 | 0.983 | 2678.91 | 0.148 | 0.583
16 | 0.532 | 0.532 [ 1514.71| 0.080 | 0.317 66 | 1.023 | 1.023 | 2781.66 | 0.154 | 0.607
17 | 0.841 ] 0.841 | 2316.69| 0.127 0.499 67 | 1.635 | 1.952 | 3464.56 | 0.247 1.040
18 | 0.337 | 0.337 [ 1000.24 | 0.051 | 0.201 68 | 1.620 | 2.443 | 3456.75 | 0.244 | 1.029
19 | 1.132 | 1.119 [ 3032.05| 0.171 | 0.668 69 | 2.096 | 3.182 | 3671.18| 0.316 | 1.372
20 | 2.264 | 2.357 | 3730.84 | 0.341 | 1.487 70 | 2.246 | 3.214 | 3724.74| 0.339 | 1.475
21 | 1.048 | 1.046 [ 2843.53| 0.158 | 0.621 71 | 0.888 | 0.888 | 2435.48 | 0.134 | 0.527
22 | 1.150 | 1.320 | 3067.71] 0.173 0.680 72 | 1.733 | 1.694 | 3514.05| 0.261 1.112
23 | 0.448 | 0.448 | 1293.28| 0.067 | 0.267 73 | 2.453 | 2.749 | 3791.33| 0.370 | 1.615
24 | 0.386 | 0.386 [ 1130.76 | 0.058 | 0.230 74 | 1.210 | 1.446 | 3165.93 | 0.182 | 0.720
25 | 0.819 | 0.819 | 2258.53 | 0.123 | 0.486 75 | 2.359 | 1.655 | 3762.10 | 0.356 | 1.552
26 | 1.401 | 1.710 | 3328.60 | 0.211 | 0.867 76 | 1.328 | 1.355 [ 3275.12 | 0.200 | 0.812
27 | 0.846 | 0.846 | 2327.28 | 0.128 | 0.502 77 NC NC NC NC NC
28 | 2.254 | 2.080 | 3727.50 | 0.340 | 1.481 78 | 1.642 | 2.813 | 3468.15 | 0.248 | 1.045
29 | 1.637 | 1.994 [ 3465.77 | 0.247 | 1.042 79 | 1.131 | 1.158 [ 3031.52| 0.171 | 0.668
30 | 0.083] 0.083 [ 282.11 | 0.012 | 0.049 80 | 2.612 | 4.019 | 3832.61| 0.394 | 1.719
31 | 1.293 | 1.251 [ 3247.39| 0.195 | 0.786 81 | 4.308 | 4.863 | 4024.11| 0.650 | 2.644
32 | 1.255 | 1.388 [ 3214.19| 0.189 | 0.756 82 | NC NC NC NC NC
33 | 0.262 | 0.262 | 797.48 | 0.039 | 0.156 83 | 1.627 | 2.124 | 3460.44 | 0.245 | 1.035
34 | 0.697 | 0.697 [ 1943.72| 0.105 | 0.414 84 | 0.931 | 0.931 [ 2547.32| 0.140 | 0.552
35 | 0.505 | 0.505 [ 1443.95| 0.076 | 0.301 85 | 1.716 | 2.271 | 3505.60 | 0.259 | 1.099
36 | 0.845 | 0.845 [ 2325.64 | 0.127 | 0.501 86 | 1.947 | 1.875 | 3611.48 | 0.294 | 1.267
37 | 1.315 | 1.933 [ 3265.28 | 0.198 | 0.802 87 | 2526 | 2.203 [ 3811.44| 0.381 | 1.663
38 | 1.057 | 1.138 | 2866.58 | 0.159 | 0.626 88 | 1.972 | 2.828 [ 3621.98 | 0.297 | 1.284
39 [ 0.191 | 0.191 | 602.56 | 0.029 | 0.114 89 | 2.069 | 2.954 | 3660.88 | 0.312 | 1.353
40 | 2.241 | 1.792 | 3723.24| 0.338 1.472 90 | 1.715 | 1.419 | 3504.99| 0.259 1.098
41 | 1.300 | 1.442 [ 3252.87| 0.196 | 0.791 91 | 2.952 | 2.466 | 3894.24 | 0.445 | 1.919
42 |1 0.385 | 0.385 [ 1126.51 | 0.058 | 0.229 92 | 1.688 | 1.554 [ 3491.60| 0.255 | 1.079
43 | 1.242 | 1.215 | 3201.80| 0.187 0.745 93 | 1.946 | 2.523 | 3611.03| 0.293 1.266
44 | 1.626 | 2.351 | 3459.70 | 0.245 | 1.034 94 | 2.199 | 3.099 | 3708.45| 0.332 | 1.443
45 | 1.508 | 1.696 | 3445.02] 0.241 | 1.013 95 | 3.761 | 3.124 | 3987.22| 0.567 | 2.363
46 | 0.315 | 0.315 | 940.70 | 0.047 | 0.188 96 | 1.311 | 1.729 | 3262.02 | 0.198 | 0.799
47 | 0.900 | 0.900 [ 2467.80| 0.136 | 0.534 97 | 1.794 | 1.551 [ 3542.95| 0.271 | 1.156
48 | 0.999 | 0.999 | 2719.55]| 0.151 0.592 98 | 2.039 | 1.746 | 3649.11| 0.307 1.332
49 | 0.952 | 0.952 [ 2600.17 | 0.144 | 0.565 99 | 1.970 | 2.258 | 3621.19| 0.297 | 1.283
50 | 1.781 | 1.552 [ 3536.52| 0.269 | 1.146 100| NC NC NC NC NC
Vv : Maximum Base Shear
A : Maximum Roof Displacement
MIDR : Maximum Inter-Story Drift Ratio
NC : Not Considered
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FEMA FEMA
EQ Brema | Reema | V (KN) | A (M) NELZ)R EQ Bereva | Reema | V(KN) | A (m) NE(I)Z)R
1 [0.031]0.031| 139.13 | 0.006 | 0.024 51 | 1.513 | 1.808 [ 3630.58 | 0.300 | 1.299
2 [ 0.025]0.025 | 112.00 | 0.005 | 0.020 52 | 1.023 | 1.023| 3289.44| 0.203 | 0.826
3 | 0.141] 0.141 | 586.62 | 0.028 | 0.111 53 | 0.810 | 0.810 | 2886.66 | 0.161 | 0.631
4 [ 0.038] 0.038 | 170.64 | 0.007 | 0.029 54 | 1.094 | 1.087 [ 3355.41| 0.217 | 0.896
5 | 0.095 | 0.095 | 410.59 | 0.019 | 0.074 55 | 1.244 | 1.635 | 3466.18 | 0.247 | 1.043
6 | 0.126 | 0.126 | 532.35 | 0.025 | 0.099 56 | 1.679 | 1.866 | 3712.49| 0.333 | 1.451
7 | 0225 0.225| 889.25 | 0.045 | 0.176 57 | 1.124 | 1.146 [ 3379.17 | 0.223 | 0.925
8 | 0.440 | 0.440 | 1639.18 | 0.087 | 0.345 58 | 1.526 | 1.920 | 3637.28 | 0.303 | 1.311
9 | 0.647 [ 0.647 | 2341.52| 0.128 | 0.505 59 | 3.624 | 2.465 [ 4054.22| 0.719 | 2.882
10 | 0.212 | 0.212 | 843.31 | 0.042 | 0.166 60 | 0.527 | 0.527 | 1934.08 | 0.105 | 0.412
11 | 0.240 | 0.240 | 943.51 | 0.048 | 0.188 61 | 1.007 | 1.007 | 3273.16 | 0.200 | 0.810
12 | 0.680 | 0.680 | 2455.61] 0.135 | 0.531 62 | 0.904 [ 0.904 [ 3134.77| 0.179 | 0.707
13 | 0.354 | 0.354 | 1342.06| 0.070 | 0.278 63 | 1.441 | 1.579 | 3589.77 | 0.286 | 1.231
14 | 0.835 | 0.835 [ 2962.09| 0.166 | 0.650 64 | 1.557 | 1.399 | 3653.33 | 0.309 | 1.339
15 | 0.279 | 0.279 | 1080.99 | 0.055 | 0.219 65 | 0.910 | 0.910 | 3148.56| 0.181 | 0.713
16 | 0.568 | 0.568 | 2073.46| 0.113 | 0.444 66 | 1.088 | 1.086 | 3350.21 | 0.216 | 0.890
17 | 0.844 | 0.844 | 2987.82] 0.168 | 0.656 67 | 1.355 | 1.452 | 3537.73| 0.269 | 1.148
18 | 0.250 | 0.250 | 978.21 | 0.050 | 0.196 68 | 1.847 | 2.505 | 3784.69 | 0.367 | 1.600
19 | 0.793 | 0.793 | 2832.87| 0.157 | 0.618 69 | 1.680 | 2.497 [ 3712.97 | 0.334 | 1.452
20 | 2.070 | 2.297 | 3854.97 | 0.411 | 1.786 70 | 1.913 | 2.463| 3809.51 | 0.380 | 1.659
21 | 0.759 | 0.759 [ 2721.61| 0.151 | 0.593 71 | 0.680 | 0.680 | 2453.56 | 0.135 | 0.531
22 | 1.102 | 1.096 [ 3361.77 | 0.219 | 0.904 72 | 1.566 | 1.467 | 3657.71| 0.311 | 1.347
23 | 0.430 | 0.430 | 1602.57 | 0.085 | 0.336 73 | 2.480 | 1.901 | 3937.30| 0.492 | 2.097
24 | 0.316 | 0.316 | 1208.11 | 0.063 | 0.247 74 | 1.076 | 1.073 | 3338.89| 0.214 | 0.878
25 | 0.808 | 0.808 | 2880.00 | 0.160 | 0.630 75 | 2.351 | 2.041 | 3916.08 | 0.467 | 2.002
26 | 1.106 | 1.135 [ 3364.71| 0.220 | 0.907 76 | 1.017 | 1.017 | 3283.79| 0.202 | 0.820
27 | 0.740 | 0.740 [ 2655.40 | 0.147 | 0.577 77 | NC NC NC NC NC
28 | 2.066 | 2.019 | 3855.76 | 0.410 | 1.784 78 | 1.527 | 2.276 | 3638.00 | 0.303 | 1.312
29 | 1.848 | 1.860 [ 3785.12| 0.367 | 1.601 79 | 0.825 [ 0.825 [ 2932.46 | 0.164 | 0.643
30 | 0.053] 0.053 | 240.01 | 0.011 | 0.041 80 | 1.811 | 3.133 [ 3769.95| 0.359 | 1.569
31 | 1.091 | 1.084 [ 3352.81| 0.217 | 0.893 81 | 4.118 | 3.493 | 4090.93 | 0.818 | 3.213
32 [ 1421 1.362[3577.90] 0.282 | 1.211 82 | NC NC NC NC NC
33 [ 0.192 | 0.192 [ 771.70 | 0.038 | 0.151 83 | 1.199 | 1.281 | 3434.31 | 0.238 | 0.998
34 | 0.510 | 0.510 | 1875.76 | 0.101 | 0.398 84 | 0.922 [ 0.922[3171.65| 0.183 | 0.723
35 | 0.647 | 0.647 [ 2342.22] 0.128 | 0.505 85 | 1.388 | 1.462 [ 3557.93| 0.275 | 1.179
36 | 0.696 | 0.696 | 2506.71| 0.138 | 0.543 86 | 1.412 | 1.379 | 3572.42 | 0.280 | 1.202
37 | 1.302 | 1.526 | 3504.45| 0.258 | 1.098 87 | 1.997 [ 1.779 [ 3836.37| 0.396 | 1.729
38 | 0.903 | 0.903 | 3132.67| 0.179 | 0.706 88 | 1.870 | 2.491 | 3793.52| 0.371 | 1.621
39 | 0.150 | 0.150 | 619.66 | 0.030 | 0.118 89 | 1.943 | 2.750 | 3819.43 | 0.386 | 1.684
40 | 2.281 | 1.798 [ 3902.37 | 0.453 | 1.949 90 | 1.280 | 1.372 | 3490.37 | 0.254 | 1.077
41 | 1.304 | 1.269 | 3505.90 | 0.259 | 1.100 91 | 1.973 | 1.815 | 3828.93| 0.392 | 1.709
42 | 0.344 | 0.344 [ 1305.40 | 0.068 | 0.269 92 | 1.325 [ 1.292 [ 3519.41| 0.263 | 1.120
43 | 1.212 | 1.191 | 344359 | 0.241 | 1.011 03 | 1.274 | 1.681 | 3486.36 | 0.253 | 1.071
44 | 1.477 | 1.934 [ 3610.38 | 0.293 | 1.265 94 | 2.554 | 3.305 | 3948.36 | 0.507 | 2.150
45 | 1.493 | 2.342[3619.07| 0.296 | 1.279 95 | 2.559 | 2.423[3949.11| 0.508 | 2.153
46 | 0.294 | 0.294 [ 1134.54| 0.058 | 0.231 96 | 0.912 | 0.912 [ 3152.80| 0.181 | 0.714
47 |1 0.957 | 0.957 [ 3218.25[ 0.190 | 0.759 97 | 1.279 | 1.216 | 3489.32| 0.254 | 1.076
48 | 0.982 | 0.982 | 3246.37 | 0.195 | 0.785 08 | 1.356 | 1.452 | 3538.65| 0.269 | 1.149
49 | 0.816 | 0.816 | 2905.06 | 0.162 | 0.636 99 | 1.470 | 1.566 | 3605.97 | 0.292 | 1.257
50 | 1.420 | 1.329 [ 3577.39| 0.282 | 1.210 100| NC NC NC NC NC

Vv : Maximum Base Shear

A : Maximum Roof Displacement
MIDR : Maximum Inter-Story Drift Ratio
NC : Not Considered
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75%Vy 75%Vy
EQ K 750wy | Rzswevy | V (KN) | A (m) NELZ)R EQ B 7506wy | Rzsoevy | V (KN) [ A (m) NE(I)Z)R
1 [ 0.030 | 0.030 | 140.64 | 0.006 | 0.024 51 | 1.503 | 1.799 [ 3642.91 | 0.305 | 1.320
2 [ 0.025]0.025 | 113.75 | 0.005 | 0.020 52 | 1.057 | 1.054 | 3343.23| 0.214 | 0.882
3 | 0.138 [ 0.138 | 588.04 | 0.028 | 0.111 53 | 0.798 | 0.798 | 2902.87 | 0.162 | 0.635
4 | 0.036[ 0.036 | 169.56 | 0.007 | 0.029 54 | 1.081 | 1.075 | 3364.06 | 0.219 | 0.907
5 | 0.094 | 0.094 | 414.84 | 0.019 | 0.075 55 | 1.268 | 1.606 | 3500.91 | 0.257 | 1.092
6 | 0.129 | 0.129 | 553.86 | 0.026 | 0.104 56 | 1.683 | 1.843 [ 3731.17| 0.342 | 1.488
7 | 0219 0.219] 885.61 | 0.044 | 0.176 57 | 1.113 | 1.122[ 3389.61 | 0.226 | 0.938
8 | 0.417 | 0.417 | 1592.31| 0.085 | 0.334 58 | 1.597 | 1.932 | 3690.50 | 0.324 | 1.408
9 | 0.643 [ 0.643 | 2377.35| 0.130 | 0.513 59 | 3.596 | 2.435 [ 4058.60 | 0.730 | 2.917
10 | 0.201 | 0.201 | 819.49 | 0.041 | 0.161 60 | 0.515 | 0.515 | 1932.66 | 0.104 | 0.411
11 | 0.238 | 0.238 | 956.80 | 0.048 | 0.191 61 | 0.971 | 0.971 | 3258.72| 0.197 | 0.796
12 | 0.695 | 0.695 | 2557.83] 0.141 | 0.555 62 | 0.881 | 0.881 [ 3127.75| 0.179 | 0.704
13 | 0.337 | 0.337 [ 1307.62| 0.068 | 0.270 63 | 1.383 | 1.539 [ 3573.60 | 0.281 | 1.204
14 | 0.848 | 0.848 [ 3050.99| 0.172 | 0.674 64 | 1.555 | 1.397 | 3669.50 | 0.315 | 1.369
15 | 0.285 | 0.285 | 1124.38 | 0.058 | 0.229 65 | 0.897 | 0.897 | 3162.37 | 0.182 | 0.719
16 | 0.568 | 0.568 | 2117.14| 0.115 | 0.454 66 | 1.091 | 1.088 | 3371.98 | 0.221 | 0.916
17 | 0.831 | 0.831 [ 3004.56| 0.169 | 0.661 67 | 1.316 | 1.418 [ 3531.99 | 0.267 | 1.139
18 | 0.242 | 0.242 | 968.77 | 0.049 | 0.194 68 | 1.855 | 2.495 | 3803.30 | 0.376 | 1.644
19 | 0.809 | 0.809 [ 2937.30| 0.164 | 0.644 69 | 1.674 | 2.425 [ 3726.92| 0.340 | 1.480
20 | 2.057 | 2.283 | 3864.60 | 0.417 | 1.813 70 | 1.823 | 2.362 | 3791.40| 0.370 | 1.616
21 | 0.736 | 0.736 | 2698.95 | 0.149 | 0.587 71 | 0.680 | 0.680 | 2505.22 | 0.138 | 0.543
22 | 1.080 | 1.076 | 3362.86 | 0.219 | 0.905 72 | 1.551 | 1.455 [ 3667.81| 0.315 | 1.366
23 | 0.424 | 0.424 [ 1614.13| 0.086 | 0.339 73 | 2.469 | 1.876 | 3943.57| 0.501 | 2.128
24 | 0.324 | 0.324 [ 1263.28| 0.066 | 0.260 74 | 1.038 | 1.038 [ 3325.91| 0.211 | 0.864
25 | 0.803 | 0.803 | 2918.15| 0.163 | 0.639 75 | 2.185 | 2.048 | 3892.24 | 0.443 | 1.912
26 | 1.078 | 1.074 [ 3361.10 | 0.219 | 0.903 76 | 0.988 | 0.988 [ 3275.86 | 0.200 | 0.813
27 | 0.730 | 0.730 [ 2678.31| 0.148 | 0.583 77 | NC NC NC NC NC
28 | 2.034 | 2.006 | 3859.09 | 0.413 | 1.795 78 | 1.529 | 2.240 | 3656.32 | 0.310 | 1.345
29 | 1.828 | 1.825 [ 3792.96 | 0.371 | 1.619 79 | 0.811 | 0.811 [ 2945.36 | 0.165 | 0.646
30 | 0.052 | 0.052 | 240.40 | 0.011 | 0.042 80 | 1.787 | 3.085 | 3776.66 | 0.363 | 1.583
31 | 1.048 | 1.046 [ 3335.33| 0.213 | 0.874 81 | 4.084 | 3.443 | 4094.67 | 0.829 | 3.251
32 | 1.364 | 1.343 [ 3562.07| 0.277 | 1.186 82 | NC NC NC NC NC
33 | 0.193 | 0.193 | 790.48 | 0.039 | 0.155 83 | 1.171 | 1.229 | 3433.00| 0.238 | 0.997
34 | 0.498 | 0.498 [ 1874.89| 0.101 | 0.398 84 | 0.890 | 0.890 [ 3147.03| 0.181 | 0.712
35 | 0.650 | 0.650 | 2400.05| 0.132 | 0.518 85 | 1.320 | 1.386 | 3534.17 | 0.268 | 1.142
36 | 0.683 | 0.683 | 2514.12| 0.139 | 0.545 86 | 1.378 | 1.341 | 3570.41| 0.280 | 1.199
37 | 1.309 | 1.480 [ 3527.50| 0.266 | 1.132 87 | 1.962 | 1.756 | 3839.09| 0.398 | 1.736
38 | 0.886 | 0.886 | 3139.20 | 0.180 | 0.709 88 | 1.884 | 2.450 | 3813.76 | 0.382 | 1.669
39 | 0.145| 0.145 | 613.72 | 0.029 | 0.116 89 | 1.937 | 2.724 | 3831.21| 0.393 | 1.715
40 | 2.286 | 1.794 [ 3913.36 | 0.464 | 1.992 90 | 1.255 | 1.353 [ 3491.91| 0.255 | 1.079
41 | 1.264 | 1.236 | 3497.93| 0.256 | 1.088 91 | 1.907 | 1.770 | 3821.63 | 0.387 | 1.689
42 1 0.333 ] 0.333[ 1294.42] 0.068 | 0.267 92 | 1.303 | 1.274 [ 3523.64 | 0.264 | 1.126
43 | 1.209 | 1.188 | 3459.93 | 0.245 | 1.034 93 | 1.270 | 1.627 | 3502.23| 0.258 | 1.094
44 | 1.439 | 1.896 [ 3606.53 | 0.292 | 1.258 94 | 2575 | 3.250 | 3960.35| 0.522 | 2.207
45 | 1.503 | 2.338' [ 3642.65| 0.305 | 1.320 95 | 2.434 | 2.352[ 3938.47 | 0.494 | 2.102
46 | 0.292 | 0.292 [ 1147.73] 0.059 | 0.234 96 | 0.915 | 0.915 | 3190.56 | 0.186 | 0.736
47 | 0.955 | 0.955 [ 3240.07 | 0.194 | 0.779 97 | 1.246 | 1.194 | 3485.97 | 0.253 | 1.071
48 | 0.985 | 0.985 | 3273.06 | 0.200 | 0.810 08 | 1.401 | 1.479 | 3584.11| 0.284 | 1.221
49 | 0.807 | 0.807 [ 2931.27| 0.164 | 0.642 99 | 1.436 | 1.517 | 3604.84 | 0.291 | 1.255
50 | 1.371 | 1.297 [ 3566.12| 0.278 | 1.192 100| NC NC NC NC NC
Vv : Maximum Base Shear
A : Maximum Roof Displacement
MIDR : Maximum Inter-Story Drift Ratio
NC : Not Considered




A.4 COMPARISON RESULTS OF APPROXIMATIONS

Table A.4.1 Comparison Results of Approximations with respect to ‘EXACT’ Values of

Maximum Top Displacement for Frame ‘F2S2B’

EQ MULTI ATC FEMA 75%Vy EQ MULTI ATC FEMA 75%Vy
1 1.175 1.175 1.121 1.015 51 0.810 0.653 0.871 1.197
2 1.001 1.001 0.980 1.137 52 1.056 0.967 1.119 1.254
3 0.938 1.083 1.095 1.298 53 0.904 0.869 0.934 1.037
4 1.003 1.003 1.497 1.672 54 0.923 0.892 0.882 0.934
5 1.047 1.054 1.271 1.455 55 0.974 1.141 0.891 1.149
6 0.933 0.995 1.010 0.943 56 0.990 0.935 1.048 1.223
7 0.939 1.021 1.005 1.297 57 0.912 1.010 1.180 1.207
8 0.858 0.824 0.969 0.973 58 0.959 0.694 0.805 0.948
9 0.901 0.881 1.158 1.193 59 0.906 0.799 0.873 0.963
10 0.851 0.789 1.104 1.130 60 0.898 0.846 1.043 1.340
11 0.832 0.763 1.078 1.119 61 0.762 0.729 0.949 1.252
12 0.805 0.860 0.947 1.198 62 0.957 1.035 1.172 1.246
13 0.983 1.024 0.999 1.077 63 0.734 0.485 0.624 1.182
14 0.752 0.850 0.848 1.123 64 0.909 0.844 0.881 0.966
15 0.850 0.799 1.082 0.888 65 0.957 1.099 0.944 1.058
16 0.828 0.783 1.040 1.054 66 1.059 0.981 0.988 1.396
17 1.041 1.283 1.021 1.084 67 0.920 0.897 1.005 1.299
18 0.788 0.754 0.912 1.178 68 0.989 1.171 1.291 1.257
19 0.876 1.008 0.936 1.131 69 0.919 0.666 0.954 1.324
20 0.933 0.801 0.945 1.070 70 1.016 0.758 0.879 1.137
21 0.767 0.862 0.949 1.241 71 0.922 0.749 0.978 1.239
22 0.968 0.869 1.149 1.213 72 0.952 1.197 1.221 1.053
23 1.026 0.900 1.066 1.003 73 0.933 0.755 0.864 0.999
24 0.979 1.030 0.916 1.099 74 0.929 0.833 0.881 0.847
25 0.895 1.137 1.007 0.967 75 0.912 0.830 0.870 0.924
26 0.954 0.854 1.047 1.262 76 0.978 0.901 1.206 1.392
27 0.974 0.953 1.066 1.042 77 0.494 0.418 0.444 0.598
28 0.920 1.032 1.094 0.918 78 0.915 1.065 0.920 1.025
29 0.908 0.855 1.040 0.938 79 1.039 0.847 0.952 1.102
30 0.935 1.012 1.200 1.490 80 1.069 1.127 1.164 1.130
31 0.726 0.540 0.831 1.314 81 0.600 0.473 0.534 0.601
32 0.948 1.152 1.186 1.228 82 1.067 0.984 0.987 0.984
33 0.982 0.984 1.015 1.030 83 1.007 0.940 0.950 0.979
34 0.890 1.074 1.052 0.982 84 0.962 0.969 0.943 1.164
35 1.169 1.386 1.054 1.280 85 0.965 0.894 0.895 0.915
36 0.865 0.954 1.092 1.019 86 0.910 0.752 0.926 1.121
37 0.901 0.683 1.056 1.279 87 1.070 0.921 1.001 1.125
38 0.952 0.899 0.931 1.306 88 NC NC NC NC

39 0.960 1.084 0.959 0.872 89 0.902 0.733 0.846 0.955
40 1.085 1.119 1.067 1.160 90 1.018 0.954 1.029 1.175
41 0.999 0.950 1.032 1.272 91 0.970 0.948 0.968 0.996
42 1.046 0.953 1.154 1.129 92 1.016 1.028 1.151 1.074
43 1.024 0.879 0.894 1.163 93 0.773 0.632 0.720 0.840
44 1.056 0.988 1.251 0.970 94 1.122 0.962 1.031 1.125
45 0.700 0.612 0.752 1.206 95 0.931 0.918 0.921 0.993
46 1.003 1.067 0.977 0.863 96 1.175 1.377 1.458 1.421
47 1.000 1.028 1.053 0.998 97 1.112 1.251 1.283 1.463
48 0.800 0.990 0.981 0.987 98 1.106 1.168 0.993 1.112
49 0.937 0.931 1.035 1.160 99 1.105 1.001 1.044 1.102
50 0.905 0.901 0.950 1.104 100 1.179 1.146 1.133 1.232

NC : Not Considered
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Table A.4.2 Comparison Results of Approximations with respect to ‘EXACT’ Values of
Maximum Inter-story Drift Ratio for Frame ‘F2S2B’

EQ MULTI ATC FEMA 75%Vy EQ MULTI ATC FEMA 75%Vy
1 1.184 1.184 1.129 1.023 51 0.806 0.640 0.870 1.194
2 1.006 1.006 0.985 1.142 52 0.940 0.875 0.987 1.092
3 0.963 1.107 1.119 1.319 53 0.802 0.771 0.828 0.920
4 0.987 0.987 1.455 1.620 54 0.934 0.905 0.895 0.945
5 1.071 1.078 1.293 1.472 55 0.965 1.131 0.880 1.139
6 0.830 0.883 0.897 0.838 56 1.001 0.951 1.055 1.224
7 0.928 1.008 0.992 1.278 57 0.912 1.018 1.200 1.227
8 0.870 0.836 0.982 0.985 58 0.906 0.701 0.789 0.898
9 0.885 0.864 1.155 1.191 59 0.949 0.853 0.919 1.002
10 0.832 0.771 1.096 1.124 60 0.846 0.796 0.992 1.291
11 0.844 0.774 1.090 1.132 61 0.730 0.698 0.917 1.229
12 0.831 0.887 0.978 1.237 62 0.935 0.999 1.116 1.183
13 1.004 1.048 1.021 1.107 63 0.794 0.522 0.679 1.171
14 0.769 0.871 0.869 1.172 64 0.877 0.819 0.853 0.923
15 0.833 0.784 1.053 0.869 65 0.876 1.007 0.864 0.969
16 0.825 0.780 1.035 1.049 66 0.953 0.896 0.901 1.208
17 1.036 1.277 1.016 1.079 67 0.882 0.865 0.950 1.197
18 0.776 0.743 0.898 1.168 68 0.946 1.080 1.169 1.143
19 0.901 1.041 0.962 1.177 69 0.933 0.717 0.964 1.315
20 0.946 0.804 0.958 1.094 70 1.016 0.794 0.896 1.127
21 0.768 0.864 0.958 1.272 71 0.872 0.720 0.915 1.100
22 0.960 0.856 1.147 1.211 72 0.901 1.114 1.133 0.993
23 1.024 0.898 1.063 1.000 73 0.951 0.793 0.888 1.012
24 0.986 1.036 0.923 1.106 74 0.863 0.792 0.826 0.802
25 0.813 1.041 0.915 0.878 75 0.913 0.844 0.878 0.924
26 0.918 0.819 1.007 1.194 76 0.921 0.845 1.141 1.310
27 0.935 0.914 1.025 1.002 77 0.372 0.316 0.335 0.447
28 0.934 1.056 1.124 0.932 78 0.946 1.077 0.950 1.041
29 0.905 0.852 1.030 0.934 79 0.938 0.790 0.870 0.989
30 0.724 0.781 0.923 1.141 80 1.019 1.073 1.108 1.075
31 0.707 0.516 0.814 1.231 81 0.584 0.464 0.522 0.586
32 0.919 1.114 1.145 1.183 82 1.063 0.983 0.986 0.983
33 0.944 0.946 0.976 0.990 83 0.980 0.918 0.927 0.954
34 0.890 1.087 1.063 0.988 84 0.864 0.869 0.850 1.001
35 1.140 1.352 1.028 1.248 85 0.938 0.881 0.882 0.898
36 0.850 0.939 1.070 1.002 86 0.896 0.741 0.910 1.074
37 0.871 0.664 0.994 1.155 87 1.003 0.868 0.940 1.053
38 0.915 0.861 0.894 1.260 88 NC NC NC NC
39 0.843 0.951 0.841 0.765 89 0.835 0.711 0.793 0.874
40 1.101 1.137 1.083 1.178 90 0.894 0.845 0.902 1.019
41 0.961 0.916 0.991 1.186 91 0.967 0.946 0.965 0.992
42 1.024 0.931 1.129 1.105 92 0.898 0.906 0.987 0.934
43 0.971 0.865 0.876 1.078 93 0.417 0.345 0.389 0.452
44 1.030 0.962 1.218 0.944 94 1.039 0.895 0.956 1.041
45 0.713 0.619 0.767 1.160 95 0.936 0.924 0.926 0.995
46 0.926 0.990 0.901 0.796 96 0.961 1.114 1.179 1.149
47 0.910 0.935 0.958 0.908 97 0.918 1.015 1.038 1.171
48 0.774 0.972 0.961 0.968 98 0.967 1.014 0.882 0.972
49 0.901 0.895 0.998 1.118 99 0.965 0.878 0.913 0.963
50 0.902 0.899 0.940 1.053 100 1.125 1.095 1.083 1.175

NC : Not Considered
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Table A.4.3 Comparison Results of Approximations with respect to ‘EXACT’ Values of

Maximum Base Shear for Frame ‘F252B’

EQ MULTI ATC FEMA 75%Vy EQ MULTI ATC FEMA 75%Vy
1 1.082 1.082 1.033 0.937 51 | 0.841 0.734 0.881 1.062
2 1.023 1.023 1.002 1.156 52 0.997 0.977 1.013 1.029
3 0.872 1.003 1.015 1.211 53 | 0.994 0.965 1.019 1.106
4 1.018 1.018 1.439 1.586 54 | 0.959 0.943 0.937 0.965
5 0.941 0.947 1.138 1.309 55 0.900 0.991 0.851 0.995
6 0.028 0.990 1.006 0.937 56 | 0.935 0.929 0.940 0.935
7 0.936 1.014 0.999 1.270 57 0.817 0.872 0.964 0.977
8 0.850 0.817 0.955 0.959 58 | 0.961 0.894 0.925 0.959
9 0.937 0.924 1.100 1.121 59 0.864 0.840 0.859 0.870
10 0.932 0.878 1.106 1.122 60 0.769 0.735 0.847 0.993
11 | 0812 0.746 1.043 1.081 61 | 0.759 0.733 0.883 1.054
12 0.801 0.850 0.913 1.092 62 1.022 1.043 1.059 1.063
13 0.959 0.984 0.969 1.016 63 0.896 0.699 0.820 1.013
14 | 0.761 0.833 0.833 0.995 64 | 0.964 0.932 0.951 0.985
15 | 0812 0.762 1.042 0.849 65 | 1.045 1.159 1.034 1.129
16 0.865 0.819 1.055 1.066 66 1.022 1.005 1.007 1.077
17 1.023 1.196 1.008 1.054 67 0.956 0.951 0.978 1.007
18 0.828 0.801 0.924 1.113 68 1.013 1.051 1.077 1.069
19 | 0.853 0.943 0.898 1.014 69 | 0.940 0.872 0.945 0.945
20 0.922 0.835 0.928 1.006 70 0.994 0.936 0.968 1.003
21 0.814 0.890 0.945 1.122 71 0.985 0.893 1.002 1.048
22 | 0.935 0.872 1.042 1.077 72 | 0971 1.084 1.091 1.025
23 | 1.066 0.967 1.097 1.048 73 | 0875 0.838 0.866 0.880
24 1.001 1.051 0.938 1.119 74 1.043 1.022 1.029 1.023
25 | 0.922 1.092 1.010 0.979 75 | 0.990 0.966 0.977 0.993
26 | 0.965 0.900 1.019 1.109 76 | 0.901 0.854 1.026 1.108
27 1.076 1.061 1.138 1.122 77 0.835 0.848 0.840 0.828
28 | 0.907 0.975 1.012 0.905 78 | 0.878 0.908 0.879 0.903
29 | 0.964 0.930 1.035 0.982 79 | 1.030 0.984 1.012 1.037
30 | 0.928 1.008 1.201 1.490 80 | 0.924 0.921 0.920 0.921
31 0.853 0.705 0.930 1.132 81 0.857 0.874 0.863 0.856
32 1.032 1.156 1.173 1.193 82 0.962 0.965 0.965 0.965
33 | 1.095 1.097 1.124 1.136 83 | 0.981 0.979 0.980 0.980
34 | 0919 1.036 1.022 0.979 84 | 0.892 0.894 0.887 0.926
35 1.126 1.283 1.040 1.207 85 0.895 0.879 0.879 0.884
36 | 0.949 1.009 1.087 1.049 86 | 0.948 0.848 0.956 1.026
37 | 0.907 0.776 0.951 0.988 87 | 1.003 1.007 1.009 0.996
38 0.918 0.885 0.905 1.112 88 NC NC NC NC
39 1.402 1.536 1.400 1.306 89 0.953 0.916 0.938 0.965
40 | 00976 0.996 0.966 1.017 90 | 1.016 1.006 1.018 1.029
41 | 0.960 0.935 0.977 1.053 91 | 0.957 0.958 0.957 0.956
42 | 1.027 0.969 1.087 1.075 92 | 0.956 0.957 0.975 0.960
43 1.050 1.023 1.027 1.082 93 0.739 0.735 0.742 0.732
44 | 1.038 0.996 1.145 0.984 94 | 0914 0.915 0.013 0.013
45 | 0.834 0.765 0.873 1.044 95 | 0.888 0.886 0.887 0.890
46 1.232 1.282 1.210 1.099 96 0.982 0.990 0.985 0.988
47 | 0912 0.931 0.949 0.910 97 | 0.951 0.977 0.980 0.992
48 | 0873 0.999 0.993 0.997 98 | 0.959 0.966 0.934 0.960
49 | 1.008 1.004 1.074 1.148 99 | 1.008 1.014 1.012 1.008
50 0.977 0.976 0.991 1.017 100 0.807 0.809 0.810 0.805

NC : Not Considered
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Table A.4.4 Comparison Results of Approximations with respect to ‘MULTI’ Values of

Maximum Top Displacement for Frame ‘F2S2B’

EQ ATC FEMA 75%Vy EQ ATC FEMA 75%Vy
1 1.000 0.954 0.864 51 0.807 1.076 1.479
2 1.000 0.979 1.135 52 0.915 1.060 1.188
3 1.155 1.168 1.384 53 0.961 1.033 1.147
4 1.000 1.493 1.667 54 0.967 0.956 1.012
5 1.007 1.214 1.390 55 1.172 0.915 1.180
6 1.066 1.082 1.010 56 0.944 1.059 1.236
7 1.087 1.070 1.380 57 1.108 1.295 1.324
8 0.961 1.129 1.134 58 0.724 0.840 0.988
9 0.978 1.286 1.324 59 0.882 0.964 1.063
10 0.927 1.298 1.328 60 0.942 1.162 1.491
11 0.917 1.295 1.345 61 0.956 1.245 1.643
12 1.068 1.177 1.488 62 1.081 1.225 1.303
13 1.041 1.016 1.096 63 0.660 0.850 1.610
14 1.131 1.129 1.494 64 0.928 0.969 1.062
15 0.939 1.272 1.044 65 1.148 0.987 1.106
16 0.945 1.256 1.274 66 0.926 0.933 1.318
17 1.233 0.981 1.041 67 0.976 1.093 1.412
18 0.957 1.158 1.496 68 1.184 1.305 1.270
19 1.151 1.068 1.290 69 0.725 1.038 1.441

20 0.858 1.012 1.146 70 0.746 0.865 1.118

21 1.124 1.237 1.619 71 0.812 1.060 1.343

22 0.898 1.187 1.254 72 1.257 1.283 1.106

23 0.877 1.038 0.977 73 0.809 0.925 1.071

24 1.052 0.935 1.123 74 0.896 0.948 0.911

25 1.271 1.125 1.080 75 0.910 0.954 1.014
26 0.895 1.098 1.323 76 0.921 1.232 1.423
27 0.978 1.094 1.070 77 0.846 0.898 1.210
28 1.121 1.189 0.998 78 1.164 1.005 1.119
29 0.943 1.146 1.033 79 0.815 0.917 1.061
30 1.082 1.283 1.593 80 1.054 1.089 1.057
31 0.744 1.145 1.810 81 0.789 0.891 1.003
32 1.215 1.250 1.295 82 0.922 0.925 0.922
33 1.002 1.034 1.049 83 0.933 0.943 0.972
34 1.207 1.182 1.103 84 1.008 0.981 1.211
35 1.185 0.901 1.095 85 0.926 0.927 0.949
36 1.103 1.262 1.178 86 0.826 1.017 1.231
37 0.758 1.172 1.420 87 0.861 0.936 1.052
38 0.944 0.978 1.371 88 NC NC NC
39 1.129 0.998 0.908 89 0.813 0.938 1.059

40 1.032 0.984 1.069 90 0.937 1.011 1.154

41 0.951 1.033 1.273 91 0.978 0.999 1.027

42 0.911 1.103 1.079 92 1.011 1.133 1.057

43 0.858 0.873 1.137 93 0.817 0.931 1.086

44 0.936 1.184 0.919 94 0.858 0.919 1.003

45 0.874 1.074 1.722 95 0.986 0.989 1.067

46 1.064 0.974 0.861 96 1.172 1.241 1.209

47 1.027 1.052 0.998 97 1.126 1.155 1.317

48 1.238 1.226 1.234 98 1.056 0.898 1.006

49 0.994 1.105 1.238 99 0.906 0.945 0.998
50 0.996 1.050 1.220 100 0.972 0.961 1.045

NC : Not Considered
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Table A.4.5 Comparison Results of Approximations with respect to ‘MULTI’ Values of

Maximum Inter-story Drift Ratio for Frame ‘F2S2B’

EQ ATC FEMA 75%Vy EQ ATC FEMA 75%Vy
1 1.000 0.954 0.864 51 0.795 1.080 1.482
2 1.000 0.979 1.135 52 0.931 1.050 1.161
3 1.150 1.162 1.370 53 0.961 1.033 1.147
4 1.000 1.475 1.642 54 0.969 0.958 1.011
5 1.007 1.207 1.375 55 1.173 0.912 1.181
6 1.064 1.081 1.010 56 0.950 1.054 1.223
7 1.086 1.070 1.377 57 1.116 1.315 1.346
8 0.961 1.129 1.133 58 0.774 0.870 0.991
9 0.976 1.305 1.345 59 0.899 0.968 1.056
10 0.927 1.318 1.351 60 0.941 1.173 1.526
11 0.918 1.292 1.341 61 0.956 1.256 1.682
12 1.068 1.176 1.488 62 1.069 1.194 1.265
13 1.044 1.017 1.103 63 0.658 0.855 1.474
14 1.133 1.131 1.525 64 0.934 0.972 1.053
15 0.941 1.264 1.043 65 1.150 0.987 1.106
16 0.946 1.255 1.273 66 0.940 0.946 1.268
17 1.233 0.981 1.041 67 0.980 1.076 1.356
18 0.957 1.158 1.505 68 1.142 1.236 1.208
19 1.156 1.068 1.307 69 0.769 1.033 1.409

20 0.850 1.013 1.156 70 0.782 0.882 1.109

21 1.125 1.247 1.657 71 0.825 1.049 1.261

22 0.892 1.194 1.261 72 1.237 1.258 1.102

23 0.877 1.038 0.977 73 0.834 0.934 1.064

24 1.051 0.936 1.121 74 0.919 0.958 0.930

25 1.281 1.125 1.080 75 0.925 0.961 1.012
26 0.892 1.096 1.300 76 0.917 1.239 1.422
27 0.978 1.095 1.071 77 0.850 0.901 1.202
28 1.130 1.203 0.997 78 1.138 1.004 1.100
29 0.942 1.139 1.033 79 0.843 0.928 1.054
30 1.079 1.275 1.577 80 1.053 1.087 1.055
31 0.730 1.151 1.741 81 0.794 0.893 1.003
32 1.213 1.246 1.288 82 0.925 0.927 0.925
33 1.002 1.034 1.049 83 0.937 0.946 0.973
34 1.222 1.195 1.110 84 1.006 0.984 1.160
35 1.186 0.901 1.095 85 0.939 0.940 0.957
36 1.105 1.259 1.180 86 0.828 1.017 1.199
37 0.763 1.141 1.326 87 0.865 0.937 1.050
38 0.941 0.977 1.377 88 NC NC NC
39 1.129 0.998 0.908 89 0.852 0.950 1.047

40 1.032 0.983 1.070 90 0.946 1.009 1.141

41 0.953 1.032 1.235 91 0.979 0.999 1.026

42 0.909 1.102 1.079 92 1.008 1.098 1.040

43 0.890 0.902 1.109 93 0.826 0.933 1.084

44 0.934 1.182 0.916 94 0.862 0.921 1.003

45 0.868 1.076 1.627 95 0.987 0.990 1.063

46 1.069 0.973 0.860 96 1.160 1.227 1.196

47 1.027 1.052 0.998 97 1.106 1.131 1.276

48 1.256 1.243 1.252 98 1.049 0.913 1.005

49 0.993 1.108 1.240 99 0.909 0.946 0.998
50 0.996 1.041 1.167 100 0.973 0.962 1.044

NC : Not Considered
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Table A.4.6 Comparison Results of Approximations with respect to ‘MULTI’ Values of

Maximum Base Shear for Frame ‘F252B’

EQ ATC FEMA 75%\Vy EQ ATC FEMA 75%\Vy
1 1.000 0.955 0.866 51 0.873 1.048 1.263
2 1.000 0.979 1.130 52 0.980 1.016 1.032
3 1.151 1.164 1.389 53 0.971 1.025 1.112
4 1.000 1.414 1.558 54 0.983 0.977 1.006
5 1.007 1.209 1.390 55 1.101 0.945 1.105
6 1.067 1.084 1.010 56 0.993 1.006 1.000
7 1.083 1.068 1.357 57 1.067 1.179 1.196
8 0.962 1.124 1.128 58 0.930 0.963 0.998
9 0.986 1.174 1.196 59 0.972 0.994 1.007
10 0.943 1.186 1.204 60 0.955 1.100 1.291
11 0.918 1.284 1.331 61 0.966 1.164 1.390
12 1.061 1.140 1.362 62 1.020 1.036 1.040
13 1.026 1.010 1.059 63 0.780 0.915 1.130
14 1.095 1.094 1.308 64 0.966 0.987 1.021
15 0.939 1.284 1.046 65 1.109 0.990 1.081
16 0.947 1.221 1.233 66 0.983 0.985 1.053
17 1.170 0.986 1.030 67 0.995 1.023 1.053
18 0.968 1.117 1.345 68 1.038 1.064 1.056
19 1.105 1.052 1.188 69 0.928 1.005 1.005

20 0.906 1.007 1.091 70 0.941 0.974 1.009

21 1.093 1.160 1.377 71 0.907 1.017 1.064

22 0.933 1.115 1.152 72 1.116 1.123 1.056

23 0.907 1.029 0.983 73 0.958 0.990 1.007

24 1.050 0.937 1.118 74 0.980 0.987 0.981

25 1.184 1.095 1.062 75 0.976 0.987 1.004
26 0.933 1.055 1.149 76 0.948 1.140 1.231
27 0.986 1.057 1.043 77 1.016 1.006 0.993
28 1.075 1.116 0.998 78 1.033 1.001 1.027
29 0.965 1.074 1.019 79 0.955 0.982 1.007
30 1.086 1.294 1.605 80 0.997 0.996 0.997
31 0.827 1.090 1.327 81 1.020 1.007 0.999
32 1.120 1.137 1.156 82 1.002 1.002 1.002
33 1.002 1.026 1.038 83 0.999 0.999 1.000
34 1.127 1.112 1.065 84 1.002 0.994 1.037
35 1.140 0.924 1.072 85 0.981 0.982 0.987
36 1.063 1.145 1.105 86 0.895 1.009 1.083
37 0.856 1.049 1.090 87 1.004 1.006 0.993
38 0.964 0.986 1.212 88 NC NC NC
39 1.096 0.999 0.931 89 0.961 0.984 1.013

40 1.020 0.990 1.042 90 0.990 1.001 1.013

41 0.974 1.017 1.097 91 1.001 1.000 0.999

42 0.943 1.059 1.046 92 1.001 1.019 1.004

43 0.974 0.978 1.030 93 0.994 1.003 0.991

44 0.959 1.103 0.948 94 1.001 0.999 1.000

45 0.917 1.046 1.252 95 0.998 0.999 1.003

46 1.041 0.982 0.892 96 1.008 1.003 1.006

47 1.021 1.040 0.998 97 1.028 1.031 1.043

48 1.145 1.138 1.143 98 1.007 0.974 1.001

49 0.996 1.065 1.138 99 1.006 1.004 1.000
50 0.998 1.014 1.040 100 1.003 1.005 0.997

NC : Not Considered
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Table A.4.7 Comparison Results of Approximations with respect to ‘EXACT’ Values of

Maximum Top Displacement for Frame ‘F2S2B2’

EQ MULTI ATC FEMA 75%Vy EQ MULTI ATC FEMA 75%Vy
1 1.141 1.141 1.193 1.215 51 0.874 0.864 0.946 0.974
2 1.186 1.186 1.258 1.296 52 0.980 1.037 1.022 1.013
3 1.161 1.161 1.099 1.068 53 0.805 0.700 0.818 0.859
4 1.061 1.061 1.056 1.067 54 0.917 0.844 0.940 0.973
5 0.956 0.956 0.958 0.959 55 1.135 1.231 1.251 1.233
6 1.002 1.105 1.098 1.098 56 0.920 0.950 0.939 0.974
7 0.922 0.946 0.980 0.990 57 0.721 0.698 0.808 0.870
8 0.844 0.852 0.963 0.989 58 0.710 0.635 0.760 0.811
9 0.887 0.884 0.977 1.013 59 0.942 0.916 0.955 0.967
10 0.950 0.941 0.994 1.014 60 0.983 0.999 1.019 1.027
11 0.984 1.004 0.984 0.973 61 0.909 0.918 1.003 1.023
12 0.993 1.057 1.033 1.016 62 0.690 0.629 0.678 0.710
13 0.874 0.865 0.959 0.984 63 0.988 1.018 1.011 1.014
14 0.798 0.796 0.840 0.883 64 0.886 0.865 0.923 0.940
15 1.059 1.077 1.088 1.073 65 0.980 0.884 0.923 0.944
16 0.965 0.969 1.018 1.042 66 0.652 0.575 0.706 0.776
17 0.852 0.859 0.940 0.957 67 1.092 1.152 1.097 1.080
18 1.212 1.211 1.090 1.031 68 0.955 0.830 0.906 0.928
19 1.010 1.157 1.096 1.065 69 0.843 0.731 0.801 0.822
20 1.029 1.024 1.007 1.006 70 0.971 0.996 1.017 1.009
21 0.865 0.850 0.921 0.942 71 0.832 0.758 0.849 0.877
22 0.915 0.915 0.962 0.979 72 0.772 0.740 0.868 0.900
23 0.912 0.916 1.043 1.072 73 0.960 1.012 1.024 1.026
24 0.761 0.751 0.880 0.928 74 0.904 0.832 0.886 0.913
25 0.935 0.959 0.952 0.937 75 1.036 1.044 1.081 1.069
26 0.986 0.979 1.072 1.095 76 0.988 1.026 1.128 1.113
27 0.928 0.920 0.961 0.977 77 0.923 0.921 0.933 0.934
28 1.053 1.134 1.137 1.116 78 1.182 1.099 1.147 1.210
29 0.877 0.912 0.952 0.971 79 0.833 0.821 0.915 0.979
30 0.932 0.967 1.003 1.013 80 0.811 0.670 0.797 0.857
31 0.910 0.918 0.964 0.995 81 0.870 0.783 0.881 0.922
32 0.716 0.689 0.769 0.828 82 0.907 0.885 0.971 1.008
33 0.894 0.872 0.932 0.953 83 0.988 0.833 0.872 0.885
34 0.864 0.853 0.931 0.962 84 0.899 0.881 0.916 0.934
35 0.960 1.002 0.948 0.934 85 0.923 0.957 1.094 1.128
36 0.934 0.908 0.943 0.956 86 1.066 1.225 1.189 1.107
37 1.121 1.235 1.203 1.162 87 0.828 0.740 0.807 0.833
38 0.982 1.003 1.022 1.027 88 0.820 0.787 0.845 0.872
39 1.079 1.055 1.160 1.166 89 0.897 0.840 0.927 0.964
40 0.866 0.844 0.925 0.954 90 0.893 0.886 0.932 0.938
41 0.979 1.061 0.997 0.983 91 0.931 0.866 0.880 0.883
42 0.747 0.768 0.820 0.832 92 0.986 1.047 1.035 1.014
43 0.929 0.958 0.991 1.006 93 0.862 0.826 0.883 0.901
44 1.131 1.274 1.219 1.196 94 0.624 0.616 0.653 0.655
45 0.878 0.901 0.951 0.981 95 0.794 0.735 0.784 0.813
46 0.977 1.045 1.109 1.119 96 0.823 0.852 0.826 0.787
47 1.074 1.161 1.177 1.160 97 0.942 0.949 0.938 0.948
48 0.994 0.984 1.084 1.137 98 0.985 1.031 0.997 0.986
49 0.873 0.841 0.906 0.929 99 1.005 1.084 1.091 1.073
50 0.954 0.999 1.039 1.055 100 0.900 0.823 0.843 0.858

NC : Not Considered
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Table A.4.8 Comparison Results of Approximations with respect to ‘EXACT’ Values of
Maximum Inter-story Drift Ratio for Frame ‘F2S2B2’

EQ MULTI ATC FEMA 75%Vy EQ MULTI ATC FEMA 75%Vy
1 1.145 1.145 1.197 1.218 51 0.883 0.873 0.956 0.984
2 1.208 1.208 1.279 1.316 52 0.996 1.054 1.038 1.029
3 1.206 1.206 1.144 1.112 53 0.821 0.713 0.833 0.873
4 1.077 1.077 1.072 1.083 54 0.928 0.860 0.949 0.980
5 0.950 0.950 0.952 0.953 55 1.139 1.231 1.250 1.233
6 0.997 1.099 1.093 1.092 56 0.933 0.963 0.952 0.988
7 0.950 0.975 1.010 1.020 57 0.708 0.686 0.793 0.853
8 0.842 0.850 0.959 0.986 58 0.712 0.636 0.762 0.813
9 0.904 0.901 0.995 1.032 59 0.960 0.933 0.973 0.985
10 0.955 0.947 1.000 1.020 60 0.971 0.986 1.006 1.014
11 1.000 1.020 1.000 0.988 61 0.889 0.897 0.980 1.000
12 1.022 1.087 1.062 1.045 62 0.751 0.690 0.739 0.771
13 0.878 0.869 0.963 0.988 63 0.988 1.018 1.011 1.014
14 0.814 0.813 0.858 0.902 64 0.918 0.896 0.957 0.974
15 1.042 1.059 1.070 1.055 65 1.033 0.947 0.983 1.002
16 1.010 1.014 1.066 1.090 66 0.700 0.624 0.753 0.820
17 0.858 0.865 0.946 0.963 67 1.112 1.169 1.117 1.101
18 1.167 1.166 1.051 0.994 68 0.976 0.859 0.931 0.951
19 1.023 1.171 1.109 1.079 69 0.883 0.776 0.844 0.864
20 1.065 1.060 1.043 1.041 70 0.935 0.957 0.975 0.968
21 0.872 0.856 0.929 0.950 71 0.854 0.780 0.871 0.898
22 0.926 0.926 0.973 0.991 72 0.774 0.743 0.871 0.902
23 0.901 0.905 1.031 1.059 73 0.993 1.042 1.054 1.055
24 0.771 0.761 0.891 0.939 74 0.906 0.840 0.890 0.914
25 0.933 0.957 0.950 0.935 75 0.995 1.002 1.034 1.024
26 0.990 0.983 1.076 1.099 76 0.999 1.035 1.128 1.114
27 0.938 0.931 0.972 0.989 77 0.965 0.963 0.974 0.976
28 1.062 1.143 1.147 1.125 78 1.152 1.084 1.123 1.175
29 0.890 0.925 0.965 0.984 79 0.822 0.810 0.900 0.960
30 0.930 0.964 1.001 1.011 80 0.854 0.717 0.840 0.898
31 0.925 0.934 0.981 1.012 81 0.918 0.834 0.928 0.966
32 0.712 0.686 0.765 0.824 82 0.968 0.945 1.031 1.066
33 0.892 0.870 0.930 0.951 83 1.035 0.899 0.933 0.945
34 0.861 0.850 0.928 0.959 84 0.902 0.888 0.916 0.931
35 0.963 1.005 0.951 0.937 85 0.978 1.006 1.125 1.154
36 0.947 0.921 0.955 0.968 86 1.070 1.215 1.183 1.107
37 1.128 1.242 1.211 1.169 87 0.880 0.789 0.858 0.885
38 0.994 1.014 1.033 1.038 88 0.848 0.815 0.871 0.897
39 1.043 1.022 1.115 1.120 89 0.930 0.879 0.956 0.989
40 0.882 0.860 0.942 0.972 90 0.918 0.912 0.950 0.955
41 0.978 1.059 0.996 0.981 91 0.977 0.914 0.927 0.930
42 0.750 0.770 0.823 0.835 92 0.942 0.989 0.980 0.963
43 0.937 0.966 1.000 1.014 93 0.894 0.863 0.911 0.925
44 1.144 1.284 1.231 1.208 94 0.635 0.628 0.661 0.662
45 0.891 0.915 0.965 0.996 95 0.803 0.753 0.795 0.818
46 0.979 1.045 1.106 1.116 96 0.854 0.880 0.857 0.822
47 1.042 1.125 1.140 1.124 97 0.961 0.967 0.957 0.967
48 0.974 0.965 1.055 1.102 98 0.971 1.009 0.982 0.972
49 0.893 0.862 0.926 0.949 99 0.971 1.036 1.042 1.027
50 0.973 1.018 1.059 1.075 100 0.904 0.825 0.847 0.862

NC : Not Considered
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Table A.4.9 Comparison Results of Approximations with respect to ‘EXACT’ Values of

Maximum Base Shear for Frame ‘F252B2’

EQ MULTI ATC FEMA 75%Vy EQ MULTI ATC FEMA 75%Vy
1 1.121 1.121 1.167 1.185 51 0.897 0.887 0.968 0.995
2 1.119 1.119 1.176 1.206 52 0.978 1.031 1.018 1.009
3 1.053 1.053 0.999 0.973 53 | 0.881 0.792 0.890 0.921
4 1.025 1.025 1.020 1.031 54 | 0.984 0.950 0.992 1.003
5 0.975 0.975 0.977 0.978 55 1.101 1.165 1.177 1.166
6 1.064 1.170 1.163 1.163 56 | 0.930 0.958 0.948 0.982
7 0.902 0.925 0.956 0.966 57 | 0.791 0.766 0.882 0.947
8 0.896 0.903 1.016 1.043 58 | 0.817 0.737 0.862 0.905
9 0.884 0.881 0.970 1.005 59 0.955 0.932 0.965 0.975
10 0.980 0.972 1.024 1.044 60 1.058 1.075 1.095 1.103
11 | 0.909 0.927 0.910 0.899 61 | 00932 0.940 1.023 1.043
12 0.973 1.033 1.010 0.994 62 0.870 0.843 0.865 0.878
13 0.916 0.907 1.002 1.028 63 1.041 1.064 1.059 1.061
14 | 0.801 0.800 0.842 0.884 64 | 0.892 0.875 0.920 0.933
15 1.163 1.182 1.194 1.178 65 1.015 0.993 1.004 1.009
16 | 0877 0.881 0.924 0.945 66 | 0.878 0.820 0.903 0.932
17 0.874 0.881 0.961 0.978 67 1.065 1.103 1.068 1.057
18 1.302 1.301 1.177 1.115 68 1.051 1.003 1.033 1.041
19 | 1.022 1.164 1.105 1.075 69 | 0971 0.922 0.955 0.964
20 0.987 0.983 0.967 0.966 70 1.030 1.039 1.046 1.043
21 | 0.920 0.906 0.968 0.984 71 | 0.899 0.842 0.912 0.932
22 | 0.933 0.933 0.979 0.996 72 | 0.820 0.788 0.018 0.950
23 | 0.974 0.978 1.108 1.137 73 | 0.970 0.987 0.991 0.992
24 0.757 0.748 0.871 0.917 74 0.950 0.925 0.944 0.953
25 0.979 1.003 0.996 0.981 75 1.115 1.118 1.131 1.127
26 | 0.996 0.990 1.080 1.103 76 | 0.982 1.006 1.055 1.049
27 0.940 0.933 0.972 0.988 77 0.907 0.905 0.913 0.914
28 1.072 1.152 1.155 1.134 78 1.039 1.025 1.033 1.044
29 | 0.893 0.928 0.966 0.985 79 | 0916 0.906 0.078 1.023
30 | 0.986 1.022 1.059 1.069 80 | 0.889 0.827 0.884 0.905
31 0.919 0.927 0.972 1.002 81 0.951 0.918 0.955 0.967
32 0.774 0.747 0.829 0.891 82 0.899 0.885 0.937 0.954
33 | 0.953 0.931 0.992 1.012 83 | 1.024 0.995 1.002 1.004
34 | 0.901 0.889 0.967 0.999 84 | 1.009 1.007 1.013 1.016
35 1.002 1.044 0.990 0.976 85 0.959 0.965 0.987 0.993
36 | 0.965 0.946 0.971 0.980 86 | 1.053 1.113 1.103 1.072
37 | 1.008 1.205 1.175 1.137 87 | 0.824 0.761 0.809 0.827
38 | 1.009 1.024 1.038 1.042 88 | 0912 0.887 0.927 0.942
39 1.126 1.115 1.157 1.159 89 0.940 0.929 0.947 0.955
40 | 0873 0.852 0.929 0.957 90 | 0.978 0.977 0.084 0.984
41 | 0.991 1.070 1.009 0.995 91 | 0.946 0.916 0.923 0.924
42 | 0.805 0.826 0.880 0.893 92 | 1.059 1.070 1.068 1.065
43 0.927 0.954 0.986 1.000 93 0.968 0.961 0.971 0.973
44 | 1.123 1.220 1.184 1.168 94 | 0.889 0.887 0.898 0.898
45 | 0.892 0.915 0.963 0.993 95 | 0972 0.958 0.970 0.974
46 1.021 1.070 1.116 1.122 96 0.943 0.950 0.944 0.935
47 1.172 1.241 1.252 1.240 97 0.954 0.955 0.953 0.955
48 | 1.051 1.044 1.107 1.133 98 | 1.029 1.038 1.032 1.029
49 | 00917 0.893 0.941 0.957 99 | 1.047 1.062 1.064 1.060
50 0.954 0.997 1.036 1.051 100 0.955 0.965 0.958 0.956
NC : Not Considered
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Table A.4.10 Comparison Results of Approximations with respect to ‘MULTI’ Values of

Maximum Top Displacement for Frame ‘F2S2B2’

EQ ATC FEMA 75%Vy EQ ATC FEMA 75%Vy
1 1.000 1.046 1.065 51 0.989 1.083 1.114
2 1.000 1.061 1.093 52 1.058 1.043 1.033
3 1.000 0.946 0.920 53 0.869 1.016 1.066
4 1.000 0.995 1.006 54 0.920 1.025 1.062
5 1.000 1.002 1.003 55 1.085 1.102 1.086
6 1.103 1.097 1.096 56 1.032 1.021 1.058
7 1.026 1.063 1.074 57 0.968 1.120 1.206
8 1.009 1.141 1.172 58 0.894 1.070 1.142
9 0.996 1.101 1.142 59 0.972 1.014 1.027
10 0.991 1.047 1.068 60 1.016 1.036 1.045
11 1.020 1.000 0.988 61 1.009 1.102 1.125
12 1.064 1.040 1.022 62 0.912 0.983 1.030
13 0.990 1.097 1.126 63 1.030 1.023 1.026
14 0.998 1.054 1.108 64 0.976 1.042 1.061
15 1.017 1.027 1.013 65 0.902 0.941 0.963
16 1.004 1.056 1.080 66 0.882 1.083 1.189
17 1.008 1.103 1.123 67 1.055 1.004 0.989
18 0.999 0.900 0.851 68 0.869 0.949 0.971
19 1.145 1.085 1.054 69 0.867 0.950 0.976

20 0.995 0.978 0.977 70 1.026 1.047 1.039

21 0.982 1.064 1.088 71 0.911 1.020 1.054

22 1.000 1.051 1.070 72 0.959 1.124 1.165

23 1.004 1.144 1.176 73 1.055 1.068 1.070

24 0.987 1.156 1.219 74 0.921 0.980 1.010

25 1.026 1.018 1.002 75 1.008 1.043 1.032
26 0.993 1.088 1.111 76 1.038 1.142 1.126
27 0.992 1.035 1.054 77 0.998 1.010 1.012
28 1.077 1.080 1.060 78 0.930 0.971 1.024
29 1.040 1.085 1.107 79 0.985 1.098 1.175
30 1.037 1.076 1.087 80 0.826 0.982 1.056
31 1.010 1.060 1.094 81 0.900 1.013 1.060
32 0.963 1.074 1.157 82 0.976 1.071 1.111
33 0.976 1.042 1.066 83 0.843 0.882 0.896
34 0.987 1.077 1.114 84 0.980 1.019 1.040
35 1.044 0.988 0.973 85 1.037 1.186 1.223
36 0.972 1.009 1.023 86 1.149 1.115 1.038
37 1.102 1.073 1.037 87 0.894 0.975 1.006
38 1.022 1.041 1.046 88 0.959 1.030 1.063
39 0.978 1.075 1.081 89 0.936 1.033 1.074

40 0.975 1.068 1.102 90 0.992 1.043 1.050

41 1.084 1.019 1.004 91 0.930 0.944 0.948

42 1.027 1.097 1.114 92 1.061 1.050 1.028

43 1.031 1.067 1.082 93 0.958 1.024 1.044

44 1.127 1.078 1.058 94 0.987 1.047 1.050

45 1.027 1.083 1.118 95 0.926 0.988 1.024

46 1.070 1.135 1.146 96 1.035 1.004 0.956

47 1.081 1.096 1.080 97 1.008 0.996 1.007

48 0.990 1.091 1.144 98 1.047 1.013 1.001

49 0.963 1.037 1.064 99 1.079 1.087 1.068
50 1.047 1.090 1.106 100 0.914 0.936 0.953

NC : Not Considered
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Table A.4.11 Comparison Results of Approximations with respect to ‘MULTI’ Values of

Maximum Inter-story Drift Ratio for Frame ‘F2S2B2’

EQ ATC FEMA 75%Vy EQ ATC FEMA 75%Vy
1 1.000 1.045 1.064 51 0.989 1.082 1.114
2 1.000 1.058 1.089 52 1.058 1.043 1.033
3 1.000 0.948 0.923 53 0.869 1.015 1.064
4 1.000 0.995 1.006 54 0.926 1.022 1.056
5 1.000 1.002 1.003 55 1.081 1.097 1.083
6 1.103 1.096 1.096 56 1.032 1.021 1.058
7 1.026 1.062 1.073 57 0.968 1.120 1.205
8 1.009 1.140 1.171 58 0.894 1.071 1.142
9 0.996 1.101 1.141 59 0.972 1.014 1.027
10 0.991 1.046 1.067 60 1.016 1.036 1.044
11 1.020 1.000 0.989 61 1.009 1.102 1.125
12 1.064 1.039 1.022 62 0.919 0.984 1.027
13 0.990 1.097 1.126 63 1.030 1.023 1.026
14 0.998 1.054 1.107 64 0.976 1.042 1.062
15 1.017 1.027 1.013 65 0.917 0.952 0.970
16 1.004 1.055 1.080 66 0.892 1.076 1.171
17 1.008 1.103 1.123 67 1.052 1.004 0.990
18 0.999 0.900 0.852 68 0.880 0.953 0.974
19 1.144 1.084 1.054 69 0.878 0.955 0.978

20 0.995 0.979 0.977 70 1.023 1.042 1.035

21 0.982 1.065 1.089 71 0.913 1.020 1.052

22 1.000 1.051 1.070 72 0.959 1.124 1.165

23 1.004 1.144 1.175 73 1.050 1.061 1.063

24 0.987 1.155 1.218 74 0.928 0.982 1.009

25 1.026 1.018 1.002 75 1.007 1.039 1.029
26 0.993 1.087 1.111 76 1.036 1.129 1.115
27 0.992 1.035 1.054 77 0.998 1.010 1.011
28 1.077 1.080 1.060 78 0.941 0.975 1.020
29 1.040 1.084 1.106 79 0.986 1.094 1.167
30 1.037 1.076 1.087 80 0.840 0.984 1.051
31 1.010 1.060 1.093 81 0.909 1.012 1.053
32 0.963 1.074 1.156 82 0.977 1.065 1.101
33 0.976 1.042 1.066 83 0.869 0.902 0.913
34 0.987 1.077 1.113 84 0.984 1.016 1.033
35 1.043 0.988 0.973 85 1.030 1.151 1.181
36 0.973 1.009 1.022 86 1.135 1.105 1.034
37 1.101 1.073 1.036 87 0.897 0.975 1.006
38 1.021 1.040 1.045 88 0.961 1.026 1.057
39 0.980 1.069 1.074 89 0.945 1.028 1.064

40 0.975 1.068 1.101 90 0.994 1.035 1.040

41 1.083 1.019 1.004 91 0.935 0.948 0.951

42 1.027 1.097 1.113 92 1.050 1.041 1.023

43 1.031 1.067 1.082 93 0.966 1.019 1.035

44 1.122 1.076 1.056 94 0.989 1.040 1.043

45 1.027 1.083 1.117 95 0.938 0.990 1.019

46 1.067 1.130 1.140 96 1.030 1.003 0.962

47 1.080 1.095 1.080 97 1.007 0.996 1.006

48 0.990 1.083 1.131 98 1.039 1.011 1.001

49 0.964 1.036 1.062 99 1.067 1.073 1.057
50 1.047 1.089 1.105 100 0.912 0.937 0.954

NC : Not Considered
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Table A.4.12 Comparison Results of Approximations with respect to ‘MULTI’ Values of

Maximum Base Shear for Frame ‘F252B2’

EQ ATC FEMA 75%\Vy EQ ATC FEMA 75%\Vy
1 1.000 1.041 1.058 51 0.989 1.079 1.110
2 1.000 1.051 1.077 52 1.055 1.041 1.032
3 1.000 0.949 0.925 53 0.899 1.011 1.046
4 1.000 0.995 1.006 54 0.965 1.008 1.020
5 1.000 1.002 1.003 55 1.058 1.069 1.059
6 1.099 1.093 1.093 56 1.031 1.020 1.056
7 1.025 1.060 1.071 57 0.969 1.116 1.197
8 1.009 1.135 1.165 58 0.902 1.056 1.108
9 0.996 1.097 1.137 59 0.976 1.011 1.021
10 0.991 1.045 1.065 60 1.016 1.035 1.043
11 1.019 1.000 0.989 61 1.009 1.098 1.119
12 1.062 1.038 1.022 62 0.969 0.994 1.010
13 0.990 1.094 1.122 63 1.022 1.017 1.019
14 0.998 1.052 1.104 64 0.981 1.032 1.046
15 1.016 1.026 1.013 65 0.978 0.989 0.994
16 1.004 1.053 1.077 66 0.933 1.029 1.061
17 1.008 1.099 1.119 67 1.036 1.003 0.993
18 0.999 0.904 0.856 68 0.955 0.983 0.991
19 1.139 1.081 1.052 69 0.949 0.984 0.992

20 0.995 0.979 0.978 70 1.008 1.015 1.013

21 0.985 1.051 1.069 71 0.936 1.014 1.037

22 1.000 1.050 1.067 72 0.960 1.119 1.158

23 1.004 1.138 1.168 73 1.018 1.022 1.022

24 0.987 1.150 1.211 74 0.973 0.993 1.003

25 1.025 1.018 1.002 75 1.003 1.014 1.010
26 0.993 1.084 1.107 76 1.025 1.075 1.068
27 0.992 1.034 1.051 77 0.999 1.007 1.008
28 1.074 1.077 1.057 78 0.986 0.994 1.005
29 1.039 1.082 1.103 79 0.990 1.067 1.117
30 1.036 1.073 1.084 80 0.930 0.994 1.018
31 1.009 1.058 1.090 81 0.966 1.004 1.017
32 0.964 1.071 1.150 82 0.983 1.042 1.061
33 0.977 1.041 1.061 83 0.972 0.979 0.981
34 0.987 1.074 1.109 84 0.998 1.003 1.007
35 1.042 0.988 0.974 85 1.006 1.029 1.035
36 0.981 1.006 1.016 86 1.057 1.047 1.018
37 1.098 1.070 1.035 87 0.924 0.982 1.004
38 1.015 1.028 1.032 88 0.973 1.016 1.033
39 0.990 1.027 1.029 89 0.988 1.007 1.016

40 0.976 1.065 1.097 90 0.999 1.006 1.006

41 1.080 1.018 1.004 91 0.968 0.975 0.977

42 1.026 1.093 1.109 92 1.010 1.008 1.005

43 1.030 1.065 1.079 93 0.993 1.003 1.005

44 1.087 1.054 1.040 94 0.997 1.010 1.010

45 1.026 1.080 1.113 95 0.986 0.998 1.002

46 1.048 1.093 1.099 96 1.007 1.001 0.991

47 1.059 1.069 1.058 97 1.002 0.999 1.002

48 0.993 1.053 1.077 98 1.009 1.003 1.000

49 0.974 1.026 1.044 99 1.015 1.016 1.012
50 1.045 1.086 1.101 100 1.010 1.003 1.001

NC : Not Considered
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Table A.4.13 Comparison Results of Approximations with respect to ‘EXACT’ Values of

Maximum Top Displacement for Frame ‘F3S2B’

EQ MULTI ATC FEMA 75%Vy EQ MULTI ATC FEMA 75%Vy
1 1.570 1.570 1.618 1.555 51 1.099 1.213 1.157 1.110
2 1.093 1.093 1.157 1.193 52 0.830 0.713 0.777 0.799
3 1.034 1.034 1.189 1.296 53 1.072 1.147 1.123 1.095
4 1.110 1.110 1.114 1.108 54 0.976 1.053 1.051 1.015
5 0.973 0.973 1.028 1.055 55 0.836 1.024 1.094 1.064
6 1.178 1.189 0.988 0.860 56 0.924 0.909 0.967 1.013
7 0.972 1.020 1.015 1.028 57 0.934 0.951 1.018 1.041
8 1.135 1.223 1.081 0.997 58 0.831 0.882 0.994 0.991
9 0.934 1.087 1.021 1.027 59 0.906 0.806 0.863 0.911
10 0.991 1.014 1.059 1.039 60 0.916 0.912 0.929 0.961
11 1.143 1.166 1.094 0.978 61 0.987 1.030 1.119 1.113
12 0.985 1.043 0.960 1.039 62 0.967 1.087 1.242 1.311
13 0.804 0.752 0.862 0.954 63 1.035 1.102 1.110 1.083
14 1.136 1.279 1.262 1.179 64 0.828 0.831 0.851 0.927
15 1.091 1.125 1.109 1.115 65 1.043 1.186 1.152 1.120
16 0.933 0.990 1.012 1.020 66 0.743 0.656 0.672 0.716
17 0.785 0.782 0.890 0.989 67 0.852 0.843 0.893 0.923
18 0.835 0.853 0.962 1.043 68 0.808 0.695 0.741 0.793
19 0.846 0.840 0.909 0.970 69 0.926 0.940 1.003 1.029
20 0.971 0.971 0.985 1.019 70 0.970 1.010 1.084 1.088
21 0.981 1.202 1.146 1.143 71 0.871 0.848 0.947 0.954
22 0.865 0.875 0.913 0.997 72 0.870 0.797 0.891 0.953
23 0.940 0.921 0.974 1.052 73 0.835 0.741 0.831 0.901
24 1.048 1.115 1.049 1.006 74 0.895 0.715 0.763 0.813
25 0.691 0.729 0.768 0.806 75 0.959 0.995 1.028 1.052
26 0.962 1.011 1.029 1.027 76 1.058 1.384 1.218 1.125
27 0.800 0.777 0.858 0.958 77 0.856 0.762 0.726 0.779
28 0.916 0.884 0.933 0.965 78 1.036 1.129 1.162 1.173
29 0.926 0.915 0.970 0.996 79 0.880 0.725 0.803 0.859
30 1.009 1.021 1.000 0.981 80 1.035 0.995 1.000 1.014
31 0.938 0.935 0.971 1.006 81 0.844 0.779 0.820 0.854
32 0.960 0.885 1.005 1.018 82 0.728 0.782 0.702 0.685
33 0.992 1.008 1.018 1.017 83 0.842 0.762 0.776 0.789
34 0.873 0.910 0.937 0.999 84 0.967 0.940 0.976 1.005
35 1.085 1.186 1.287 1.226 85 1.059 0.931 1.004 1.040
36 0.955 1.098 1.178 1.186 86 1.090 1.180 1.244 1.262
37 0.757 0.721 0.791 0.827 87 0.882 0.793 0.836 0.879
38 0.865 0.943 0.982 0.969 88 0.951 0.894 0.957 1.000
39 0.808 0.856 0.825 0.905 89 0.939 0.833 0.922 0.985
40 0.885 0.873 0.968 1.006 90 0.945 0.900 0.954 0.989
41 0.868 0.859 0.964 1.081 91 0.874 0.838 0.885 0.912
42 0.892 0.914 0.963 0.970 92 0.969 1.059 1.160 1.209
43 0.833 0.756 0.845 0.901 93 1.104 1.190 1.105 1.046
44 0.875 0.893 0.943 1.018 94 0.699 0.665 0.660 0.656
45 0.690 0.653 0.734 0.798 95 0.908 0.825 0.869 0.910
46 0.909 0.914 0.938 0.972 96 1.167 1.229 1.314 1.366
47 0.778 0.831 0.836 0.931 97 0.909 0.861 0.907 0.988
48 0.840 0.743 0.881 0.964 98 0.983 0.959 1.038 1.094
49 0.946 0.935 1.031 1.078 99 1.003 0.950 0.987 1.023
50 0.870 0.799 0.873 0.920 100 0.985 0.898 0.918 0.936

NC : Not Considered
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Table A.4.14 Comparison Results of Approximations with respect to ‘EXACT’ Values of
Maximum Inter-story Drift Ratio for Frame ‘F3S2B’

EQ MULTI ATC FEMA 75%Vy EQ MULTI ATC FEMA 75%Vy
1 1.563 1.563 1.610 1.547 51 1.094 1.195 1.146 1.103
2 1.085 1.085 1.149 1.183 52 0.859 0.751 0.811 0.831
3 1.028 1.029 1.187 1.296 53 1.069 1.145 1.121 1.092
4 1.101 1.101 1.104 1.098 54 0.987 1.056 1.054 1.022
5 0.974 0.974 1.031 1.059 55 0.839 1.027 1.093 1.066
6 1.185 1.195 0.991 0.861 56 0.940 0.927 0.978 1.018
7 0.965 1.013 1.008 1.022 57 0.933 0.950 1.018 1.041
8 1.135 1.224 1.081 0.995 58 0.858 0.902 0.998 0.996
9 0.933 1.086 1.020 1.025 59 0.916 0.816 0.874 0.921
10 0.989 1.012 1.058 1.038 60 0.911 0.907 0.924 0.957
11 1.130 1.153 1.080 0.965 61 0.998 1.041 1.133 1.126
12 0.980 1.038 0.955 1.035 62 0.975 1.082 1.217 1.274
13 0.804 0.752 0.862 0.954 63 1.039 1.100 1.106 1.082
14 1.139 1.283 1.265 1.182 64 0.831 0.834 0.854 0.930
15 1.085 1.119 1.103 1.109 65 1.034 1.159 1.129 1.102
16 0.934 0.991 1.013 1.021 66 0.789 0.708 0.723 0.764
17 0.784 0.780 0.889 0.989 67 0.878 0.869 0.916 0.942
18 0.832 0.849 0.958 1.040 68 0.835 0.729 0.773 0.821
19 0.845 0.838 0.908 0.970 69 0.952 0.964 1.020 1.042
20 0.971 0.971 0.985 1.019 70 0.988 1.024 1.088 1.091
21 0.981 1.200 1.145 1.143 71 0.880 0.858 0.949 0.956
22 0.865 0.875 0.913 0.998 72 0.872 0.799 0.894 0.955
23 0.937 0.917 0.970 1.049 73 0.859 0.773 0.855 0.917
24 1.046 1.114 1.047 1.004 74 0.904 0.746 0.789 0.833
25 0.689 0.727 0.766 0.804 75 0.972 1.004 1.033 1.053
26 0.973 1.017 1.033 1.031 76 1.054 1.344 1.200 1.117
27 0.800 0.776 0.859 0.959 77 0.866 0.770 0.733 0.788
28 0.917 0.885 0.934 0.967 78 1.034 1.117 1.147 1.157
29 0.925 0.913 0.969 0.996 79 0.899 0.762 0.832 0.880
30 0.989 1.002 0.980 0.962 80 1.036 0.999 1.003 1.017
31 0.933 0.930 0.967 1.002 81 0.861 0.803 0.840 0.871
32 0.962 0.888 1.006 1.018 82 0.760 0.811 0.736 0.720
33 0.988 1.004 1.014 1.014 83 0.858 0.782 0.795 0.808
34 0.869 0.905 0.933 0.994 84 0.969 0.945 0.977 1.001
35 1.087 1.190 1.293 1.231 85 1.095 0.976 1.043 1.078
36 0.956 1.096 1.170 1.176 86 1.074 1.153 1.209 1.224
37 0.756 0.719 0.790 0.827 87 0.894 0.814 0.853 0.891
38 0.863 0.942 0.982 0.969 88 0.955 0.902 0.960 0.998
39 0.802 0.850 0.819 0.900 89 0.944 0.847 0.929 0.986
40 0.901 0.889 0.978 1.013 90 0.956 0.916 0.964 0.995
41 0.877 0.868 0.967 1.071 91 0.891 0.857 0.901 0.926
42 0.903 0.922 0.966 0.972 92 0.974 1.051 1.139 1.181
43 0.851 0.773 0.863 0.916 93 1.111 1.190 1.112 1.058
44 0.875 0.894 0.945 1.020 94 0.717 0.684 0.680 0.676
45 0.692 0.654 0.736 0.801 95 0.962 0.886 0.926 0.964
46 0.910 0.916 0.940 0.974 96 1.122 1.176 1.250 1.295
47 0.779 0.833 0.838 0.934 97 0.915 0.871 0.913 0.987
48 0.862 0.764 0.901 0.977 98 0.977 0.955 1.025 1.076
49 0.953 0.943 1.032 1.073 99 1.007 0.957 0.992 1.025
50 0.880 0.808 0.882 0.930 100 0.967 0.885 0.905 0.921

NC : Not Considered
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Table A.4.15 Comparison Results of Approximations with respect to ‘EXACT’ Values of

Maximum Base Shear for Frame ‘F3S2B’

EQ MULTI ATC FEMA 75%Vy EQ MULTI ATC FEMA 75%Vy
1 1.331 1.331 1.365 1.321 51 1.034 1.073 1.055 1.038
2 1.104 1.104 1.158 1.187 52 0.904 0.856 0.884 0.893
3 1.003 1.003 1.143 1.239 53 | 1.151 1.204 1.187 1.168
4 1.012 1.012 1.015 1.010 54 | 0.899 0.924 0.924 0.013
5 1.039 1.039 1.097 1.124 55 0.826 0.940 0.973 0.960
6 1.112 1.121 0.940 0.825 56 | 0.894 0.891 0.905 0.917
7 0.887 0.028 0.924 0.935 57 | 0.989 1.001 1.046 1.061
8 1.105 1.187 1.055 0.975 58 | 0.927 0.941 0.965 0.965
9 0.912 1.055 0.993 0.998 59 0.850 0.789 0.825 0.853
10 1.006 1.029 1.073 1.054 60 0.928 0.924 0.941 0.972
11 | 1.068 1.088 1.023 0.920 61 | 0.999 1.028 1.085 1.081
12 0.918 0.969 0.895 0.966 62 0.943 0.986 1.030 1.045
13 0.806 0.756 0.861 0.949 63 0.974 0.998 1.001 0.991
14 | 1.087 1.174 1.163 1.113 64 | 0.836 0.838 0.851 0.899
15 1.011 1.041 1.027 1.032 65 1.208 1.266 1.254 1.241
16 | 0917 0.971 0.992 0.999 66 | 0.901 0.868 0.875 0.892
17 0.810 0.807 0.913 0.992 67 0.895 0.891 0.910 0.920
18 | 0.763 0.778 0.873 0.944 68 | 0.903 0.849 0.874 0.897
19 | 0.868 0.863 0.912 0.952 69 | 0.893 0.897 0.913 0.018
20 0.946 0.947 0.958 0.987 70 0.860 0.871 0.888 0.889
21 | 0.956 1.088 1.057 1.055 71| 0927 0.915 0.962 0.965
22 | 0.865 0.872 0.897 0.951 72 | 0.845 0.799 0.859 0.897
23 | 0.892 0.874 0.922 0.993 73 | 0.931 0.893 0.929 0.951
24 1.070 1.136 1.071 1.029 74 0.977 0.926 0.943 0.957
25 | 0.702 0.739 0.776 0.813 75 | 0.892 0.901 0.908 0.014
26 | 0.969 0.987 0.994 0.993 76 | 1.072 1.194 1.140 1.104
27 0.957 0.938 1.002 1.075 77 0.789 0.732 0.709 0.742
28 | 0.874 0.845 0.890 0.919 78 | 0937 0.957 0.960 0.961
29 | 0.901 0.894 0.929 0.946 79 | 0927 0.885 0.910 0.922
30 | 1.111 1.124 1.101 1.081 80 | 0.835 0.836 0.836 0.835
31 0.915 0.912 0.946 0.977 81 0.867 0.849 0.861 0.870
32 0.958 0.911 0.983 0.989 82 0.984 0.992 0.976 0.968
33 1.119 1.130 1.137 1.137 83 0.871 0.876 0.874 0.874
34 | 0.828 0.861 0.886 0.941 84 | 0.996 0.987 0.999 1.007
35 1.016 1.077 1.136 1.101 85 0.989 0.954 0.976 0.986
36 1.060 1.152 1.190 1.194 86 0.981 1.012 1.032 1.038
37 | 0.785 0.753 0.809 0.833 87 | 0.901 0.876 0.888 0.900
38 0.919 0.974 1.001 0.992 88 0.949 0.947 0.948 0.942
39 1.054 1.104 1.074 1.146 89 0.952 0.924 0.950 0.957
40 | 0.879 0.872 0.917 0.931 90 | 0.903 0.891 0.906 0.014
41 | 0024 0.919 0.972 1.015 91 | 0916 0.013 0.917 0.018
42 | 0.968 0.977 0.996 0.999 92 | 1.017 1.038 1.064 1.076
43 0.859 0.808 0.865 0.894 93 0.886 0.894 0.886 0.873
44 | 0878 0.891 0.923 0.969 94 | 0.816 0.818 0.818 0.819
45 | 0.758 0.719 0.797 0.842 95 | 0.899 0.878 0.889 0.899
46 0.968 0.972 0.988 1.011 96 0.961 0.972 0.979 0.980
47 | 0.829 0.884 0.889 0.978 97 | 1.001 0.088 1.001 1.010
48 | 0.003 0.840 0.924 0.959 98 | 0.969 0.968 0.964 0.959
49 | 0.083 0.978 1.022 1.040 99 | 0.841 0.841 0.841 0.837
50 0.832 0.788 0.833 0.863 100 0.860 0.869 0.868 0.866
NC : Not Considered
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Table A.4.16 Comparison Results of Approximations with respect to ‘MULTI’ Values of

Maximum Top Displacement for Frame ‘F3S2B’

EQ ATC FEMA 75%Vy EQ ATC FEMA 75%Vy
1 1.000 1.031 0.990 51 1.104 1.053 1.010
2 1.000 1.059 1.091 52 0.860 0.937 0.963
3 1.000 1.150 1.253 53 1.070 1.047 1.021
4 1.000 1.003 0.998 54 1.079 1.077 1.040
5 1.000 1.057 1.084 55 1.225 1.308 1.273
6 1.009 0.839 0.730 56 0.984 1.047 1.096
7 1.049 1.044 1.058 57 1.018 1.090 1.115
8 1.077 0.953 0.878 58 1.061 1.196 1.192
9 1.164 1.093 1.099 59 0.890 0.953 1.005
10 1.023 1.070 1.049 60 0.996 1.015 1.050
11 1.020 0.956 0.856 61 1.043 1.134 1.127
12 1.059 0.974 1.055 62 1.124 1.284 1.356
13 0.935 1.071 1.186 63 1.065 1.072 1.046
14 1.126 1.110 1.037 64 1.004 1.028 1.120
15 1.030 1.016 1.022 65 1.137 1.104 1.074
16 1.061 1.084 1.093 66 0.883 0.904 0.963
17 0.996 1.133 1.260 67 0.989 1.048 1.083
18 1.021 1.151 1.248 68 0.861 0.918 0.982
19 0.992 1.074 1.146 69 1.015 1.083 1.111
20 1.000 1.014 1.049 70 1.041 1.118 1.122
21 1.225 1.168 1.165 71 0.973 1.086 1.095
22 1.012 1.055 1.152 72 0.917 1.025 1.096
23 0.979 1.036 1.118 73 0.887 0.995 1.079
24 1.064 1.001 0.960 74 0.799 0.852 0.908
25 1.055 1.111 1.166 75 1.037 1.072 1.096
26 1.052 1.070 1.067 76 1.308 1.152 1.063
27 0.971 1.073 1.197 77 0.890 0.848 0.910
28 0.966 1.018 1.054 78 1.089 1.122 1.132
29 0.988 1.047 1.076 79 0.824 0.912 0.975
30 1.012 0.991 0.972 80 0.962 0.966 0.980
31 0.997 1.036 1.073 81 0.923 0.972 1.012
32 0.922 1.047 1.060 82 1.075 0.965 0.941
33 1.016 1.025 1.025 83 0.905 0.921 0.937
34 1.042 1.073 1.143 84 0.972 1.009 1.039
35 1.093 1.186 1.130 85 0.879 0.948 0.983
36 1.150 1.233 1.241 86 1.083 1.141 1.158
37 0.952 1.044 1.093 87 0.899 0.948 0.996
38 1.090 1.135 1.121 88 0.940 1.006 1.051
39 1.059 1.021 1.120 89 0.887 0.983 1.049
40 0.986 1.093 1.137 90 0.952 1.010 1.047
41 0.990 1.111 1.246 91 0.959 1.012 1.043
42 1.024 1.079 1.087 92 1.093 1.198 1.249
43 0.908 1.014 1.082 93 1.078 1.001 0.947
44 1.021 1.079 1.164 94 0.952 0.945 0.939
45 0.946 1.063 1.157 95 0.909 0.957 1.002
46 1.006 1.033 1.070 96 1.053 1.126 1.170
47 1.069 1.075 1.198 97 0.947 0.997 1.086
48 0.885 1.049 1.148 98 0.976 1.056 1.113
49 0.988 1.090 1.139 99 0.947 0.984 1.020
50 0.918 1.003 1.057 100 0.912 0.933 0.951

NC : Not Considered
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Table A.4.17 Comparison Results of Approximations with respect to ‘MULTI’ Values of

Maximum Inter-story Drift Ratio for Frame ‘F3S2B’

EQ ATC FEMA 75%Vy EQ ATC FEMA 75%Vy
1 1.000 1.030 0.990 51 1.093 1.047 1.009
2 1.000 1.059 1.091 52 0.875 0.944 0.968
3 1.000 1.154 1.260 53 1.071 1.048 1.022
4 1.000 1.003 0.998 54 1.070 1.068 1.036
5 1.000 1.059 1.087 55 1.224 1.303 1.270
6 1.009 0.837 0.727 56 0.986 1.041 1.083
7 1.049 1.044 1.058 57 1.019 1.091 1.116
8 1.078 0.952 0.877 58 1.052 1.164 1.161
9 1.165 1.093 1.100 59 0.890 0.953 1.005
10 1.023 1.070 1.050 60 0.996 1.015 1.050
11 1.020 0.956 0.854 61 1.044 1.136 1.129
12 1.059 0.974 1.055 62 1.110 1.248 1.307
13 0.935 1.072 1.187 63 1.058 1.064 1.041
14 1.127 1.111 1.038 64 1.004 1.028 1.119
15 1.031 1.016 1.022 65 1.121 1.093 1.066
16 1.061 1.085 1.094 66 0.897 0.916 0.968
17 0.996 1.134 1.263 67 0.990 1.043 1.073
18 1.021 1.152 1.251 68 0.873 0.926 0.984
19 0.992 1.075 1.148 69 1.013 1.071 1.095

20 1.000 1.014 1.050 70 1.036 1.101 1.104

21 1.224 1.168 1.165 71 0.975 1.079 1.086

22 1.012 1.056 1.155 72 0.916 1.025 1.095

23 0.979 1.036 1.120 73 0.900 0.995 1.068

24 1.065 1.001 0.960 74 0.825 0.873 0.921

25 1.055 1.111 1.167 75 1.032 1.063 1.084
26 1.046 1.062 1.060 76 1.275 1.138 1.059
27 0.971 1.074 1.198 77 0.890 0.847 0.910
28 0.966 1.019 1.054 78 1.081 1.110 1.119
29 0.988 1.048 1.077 79 0.848 0.926 0.979
30 1.012 0.991 0.972 80 0.965 0.969 0.982
31 0.997 1.036 1.074 81 0.932 0.975 1.011
32 0.923 1.046 1.058 82 1.068 0.968 0.947
33 1.016 1.026 1.026 83 0.911 0.927 0.942
34 1.042 1.073 1.144 84 0.975 1.008 1.033
35 1.095 1.189 1.132 85 0.891 0.952 0.984
36 1.146 1.223 1.230 86 1.074 1.126 1.140
37 0.952 1.045 1.094 87 0.911 0.954 0.996
38 1.091 1.137 1.123 88 0.945 1.006 1.046
39 1.059 1.021 1.122 89 0.898 0.984 1.045

40 0.987 1.086 1.125 90 0.958 1.008 1.041

41 0.990 1.103 1.221 91 0.962 1.011 1.039

42 1.022 1.070 1.077 92 1.079 1.169 1.213

43 0.909 1.014 1.077 93 1.071 1.001 0.952

44 1.022 1.080 1.165 94 0.954 0.948 0.943

45 0.945 1.064 1.159 95 0.921 0.963 1.002

46 1.006 1.033 1.070 96 1.048 1.114 1.154

47 1.069 1.075 1.199 97 0.952 0.997 1.078

48 0.887 1.045 1.134 98 0.978 1.050 1.102

49 0.989 1.082 1.126 99 0.950 0.985 1.018
50 0.919 1.003 1.057 100 0.916 0.936 0.953

NC : Not Considered
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Table A.4.18 Comparison Results of Approximations with respect to ‘MULTI’ Values of

Maximum Base Shear for Frame ‘F3S2B’

EQ ATC FEMA 75%\Vy EQ ATC FEMA 75%\Vy
1 1.000 1.026 0.992 51 1.038 1.020 1.004
2 1.000 1.049 1.075 52 0.948 0.978 0.988
3 1.000 1.140 1.236 53 1.045 1.031 1.014
4 1.000 1.003 0.998 54 1.028 1.027 1.015
5 1.000 1.056 1.082 55 1.137 1.177 1.162
6 1.008 0.846 0.742 56 0.996 1.012 1.025
7 1.047 1.042 1.055 57 1.012 1.058 1.073
8 1.074 0.954 0.883 58 1.016 1.042 1.041
9 1.157 1.089 1.095 59 0.928 0.970 1.003
10 1.022 1.067 1.047 60 0.996 1.014 1.048
11 1.019 0.958 0.862 61 1.028 1.086 1.082
12 1.056 0.975 1.052 62 1.045 1.092 1.107
13 0.938 1.068 1.177 63 1.025 1.028 1.018
14 1.079 1.070 1.024 64 1.003 1.018 1.076
15 1.029 1.015 1.021 65 1.048 1.038 1.027
16 1.058 1.081 1.089 66 0.963 0.971 0.990
17 0.996 1.127 1.224 67 0.996 1.017 1.028
18 1.020 1.144 1.237 68 0.940 0.968 0.993
19 0.993 1.050 1.097 69 1.004 1.022 1.029

20 1.000 1.012 1.042 70 1.013 1.033 1.034

21 1.138 1.105 1.104 71 0.986 1.037 1.040

22 1.008 1.037 1.099 72 0.946 1.016 1.061

23 0.980 1.034 1.113 73 0.959 0.998 1.021

24 1.061 1.001 0.962 74 0.947 0.965 0.979

25 1.053 1.106 1.158 75 1.010 1.019 1.025
26 1.019 1.026 1.025 76 1.115 1.064 1.031
27 0.981 1.048 1.124 77 0.928 0.899 0.941
28 0.967 1.018 1.052 78 1.021 1.024 1.025
29 0.992 1.031 1.049 79 0.954 0.982 0.994
30 1.012 0.992 0.974 80 1.001 1.001 1.001
31 0.997 1.034 1.067 81 0.979 0.993 1.003
32 0.951 1.026 1.033 82 1.008 0.992 0.984
33 1.010 1.016 1.016 83 1.005 1.003 1.003
34 1.040 1.070 1.137 84 0.991 1.003 1.011
35 1.061 1.119 1.084 85 0.965 0.986 0.997
36 1.087 1.123 1.126 86 1.032 1.053 1.058
37 0.959 1.030 1.062 87 0.972 0.986 0.999
38 1.060 1.089 1.080 88 0.998 0.999 0.993
39 1.047 1.019 1.087 89 0.970 0.997 1.005

40 0.992 1.044 1.060 90 0.986 1.002 1.012

41 0.994 1.051 1.098 91 0.996 1.001 1.001

42 1.009 1.029 1.032 92 1.021 1.046 1.058

43 0.942 1.008 1.041 93 1.009 1.000 0.986

44 1.014 1.051 1.104 94 1.003 1.004 1.004

45 0.949 1.051 1.111 95 0.977 0.989 1.001

46 1.004 1.021 1.044 96 1.012 1.019 1.020

47 1.066 1.072 1.180 97 0.987 1.000 1.008

48 0.930 1.023 1.061 98 0.999 0.994 0.989

49 0.994 1.040 1.057 99 1.000 0.999 0.995
50 0.947 1.002 1.037 100 1.010 1.009 1.007

NC : Not Considered
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Table A.4.19 Comparison Results of Approximations with respect to ‘EXACT’ Values of

Maximum Top Displacement for Frame ‘F5S2B’

EQ MULTI ATC FEMA 75%Vy EQ MULTI ATC FEMA 75%Vy
1 1.016 1.016 1.632 1.839 51 0.950 0.851 1.081 1.089
2 1.027 1.026 1.601 1.741 52 1.032 0.999 1.044 1.067
3 1.020 1.008 1.211 1.245 53 0.852 0.816 0.989 1.042
4 0.987 0.988 0.927 0.929 54 NC NC NC NC

5 0.982 0.987 1.135 1.110 55 0.895 0.818 1.036 0.979
6 0.933 0.933 0.860 0.909 56 0.828 0.725 0.751 0.762
7 0.787 0.852 1.065 1.049 57 0.682 0.853 0.975 1.082
8 0.649 0.685 1.222 1.269 58 1.207 0.850 1.350 1.189
9 0.994 1.200 0.936 0.889 59 1.056 0.911 1.115 1.138
10 0.960 1.326 1.004 1.089 60 0.883 0.832 1.123 1.127
11 0.907 1.012 0.915 0.928 61 0.814 0.670 1.051 1.045
12 0.744 0.747 1.013 1.011 62 1.035 1.356 1.148 1.111
13 0.735 0.693 0.943 1.009 63 1.047 1.165 1.448 1.447
14 0.823 0.646 0.951 1.027 64 1.075 0.976 1.051 1.039
15 0.936 0.972 1.349 1.288 65 0.819 0.612 0.950 0.989
16 0.951 0.922 0.979 0.987 66 1.077 1.195 1.187 1.274
17 0.636 0.569 1.003 1.095 67 1.076 1.107 1.192 1.220
18 0.818 1.180 0.865 0.873 68 0.892 0.945 1.054 1.052
19 0.771 0.655 0.943 1.038 69 1.226 1.379 1.454 1.434
20 0.911 0.522 0.847 0.896 70 0.962 0.757 0.962 0.983
21 0.925 1.031 1.020 1.036 71 0.945 1.347 1.015 0.996
22 0.915 0.944 1.002 1.018 72 0.919 0.813 0.998 1.014
23 0.874 1.010 1.098 1.040 73 0.908 0.748 0.974 1.010
24 0.813 1.024 1.386 1.478 74 1.092 1.321 1.504 1.459
25 0.722 0.694 0.992 1.108 75 1.105 1.381 1.255 1.247
26 0.894 0.846 1.108 1.134 76 0.947 0.776 1.027 1.056
27 0.951 1.027 0.990 0.991 77 0.609 0.652 0.463 0.506
28 0.807 0.522 0.782 0.825 78 1.257 1.406 1.454 1.430
29 0.874 0.805 0.879 0.955 79 0.972 1.046 1.079 1.090
30 0.922 1.037 0.732 0.727 80 0.735 0.708 0.661 0.663
31 1.091 1.425 1.143 1.071 81 NC NC NC NC

32 1.031 1.176 0.988 1.023 82 1.028 0.803 1.097 1.079
33 0.938 1.014 0.923 0.907 83 1.064 1.190 1.176 1.167
34 0.996 0.886 1.198 1.315 84 0.986 0.959 1.008 1.007
35 0.793 0.677 0.994 1.015 85 1.361 1.317 1.592 1.676
36 0.966 1.246 1.028 1.002 86 0.991 0.827 1.098 1.134
37 0.935 0.994 1.081 0.995 87 0.747 0.672 0.743 0.760
38 0.884 0.893 0.995 1.041 88 1.054 1.003 1.093 1.052
39 0.856 0.985 0.873 0.855 89 0.904 0.898 0.847 0.828
40 0.935 0.743 1.009 1.034 90 0.982 1.104 1.034 0.999
41 0.960 0.862 1.220 1.242 91 1.084 1.125 1.129 1.138
42 0.929 1.175 1.035 1.012 92 0.982 0.882 0.982 0.999
43 1.031 0.857 1.134 1.090 93 1.163 1.225 1.138 1.110
44 0.755 0.702 0.882 0.926 94 0.861 1.128 0.863 0.854
45 0.846 0.919 1.023 1.040 95 1.042 0.943 1.389 1.370
46 0.964 1.008 0.946 0.953 96 1.153 1.018 1.449 1.602
47 0.815 0.560 1.022 1.103 97 1.061 1.415 1.361 1.142
48 0.883 0.694 0.970 1.006 98 1.046 1.106 1.077 1.127
49 0.888 0.759 0.979 1.018 99 1.065 1.002 1.077 1.090
50 1.038 1.013 0.985 0.959 100 0.782 0.672 0.868 0.833

NC : Not Considered
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Table A.4.20 Comparison Results of Approximations with respect to ‘EXACT’ Values of
Maximum Inter-story Drift Ratio for Frame ‘F5S2B’

EQ MULTI ATC FEMA 75%Vy EQ MULTI ATC FEMA 75%Vy
1 0.963 0.963 1.544 1.739 51 0.896 0.793 1.033 1.040
2 1.021 1.020 1.579 1.715 52 1.065 1.029 1.079 1.104
3 0.988 0.976 1.186 1.221 53 0.872 0.836 1.014 1.070
4 0.983 0.984 0.924 0.926 54 NC NC NC NC
5 0.975 0.980 1.134 1.107 55 0.932 0.848 1.109 1.036
6 0.848 0.848 0.782 0.826 56 0.411 0.357 0.370 0.376
7 0.743 0.808 1.018 1.003 57 0.681 0.854 0.975 1.086
8 0.647 0.684 1.229 1.276 58 1.180 0.807 1.329 1.161
9 1.009 1.221 0.949 0.900 59 0.913 0.777 0.965 0.986
10 0.981 1.368 1.028 1.118 60 0.834 0.784 1.115 1.120
11 0.893 1.002 0.901 0.914 61 0.784 0.645 1.065 1.058
12 0.741 0.745 1.015 1.013 62 1.051 1.402 1.174 1.134
13 0.725 0.684 0.942 1.021 63 1.002 1.123 1.413 1.412
14 0.754 0.583 0.901 0.987 64 1.034 0.929 1.009 0.996
15 0.899 0.936 1.321 1.259 65 0.825 0.615 0.956 0.997
16 0.933 0.903 0.960 0.968 66 1.091 1.219 1.211 1.306
17 0.633 0.565 1.003 1.094 67 0.994 1.025 1.110 1.137
18 0.822 1.200 0.872 0.880 68 0.879 0.941 1.062 1.059
19 0.749 0.628 0.957 1.069 69 1.112 1.261 1.334 1.315
20 0.825 0.435 0.760 0.810 70 0.882 0.683 0.882 0.902
21 0.921 1.027 1.015 1.031 71 0.961 1.458 1.049 1.023
22 0.875 0.905 0.969 0.988 72 0.878 0.757 0.971 0.991
23 0.862 1.000 1.087 1.029 73 0.851 0.692 0.916 0.952
24 0.794 1.014 1.393 1.488 74 1.090 1.339 1.537 1.488
25 0.685 0.658 0.944 1.053 75 1.052 1.334 1.202 1.194
26 0.856 0.799 1.103 1.132 76 0.877 0.688 0.964 0.995
27 0.987 1.065 1.028 1.028 77 0.599 0.647 0.442 0.487
28 0.743 0.469 0.715 0.763 78 1.093 1.232 1.277 1.254
29 0.828 0.749 0.833 0.922 79 0.969 1.051 1.087 1.100
30 0.923 1.045 0.724 0.719 80 0.752 0.722 0.671 0.673
31 1.046 1.444 1.103 1.024 81 NC NC NC NC
32 0.994 1.145 0.953 0.987 82 0.938 0.721 1.007 0.990
33 0.918 0.993 0.902 0.886 83 1.053 1.186 1.171 1.162
34 0.961 0.853 1.158 1.272 84 0.973 0.942 0.997 0.997
35 0.804 0.686 1.019 1.044 85 1.279 1.235 1.518 1.608
36 0.970 1.251 1.032 1.006 86 0.919 0.757 1.025 1.060
37 0.839 0.898 0.982 0.899 87 0.901 0.805 0.896 0.918
38 0.863 0.873 0.996 1.053 88 1.017 0.965 1.057 1.014
39 0.676 0.782 0.690 0.675 89 0.722 0.717 0.674 0.657
40 0.911 0.706 1.001 1.032 90 1.012 1.146 1.068 1.030
41 1.015 0.899 1.319 1.344 91 1.069 1.110 1.113 1.123
42 0.953 1.205 1.062 1.038 92 0.901 0.801 0.902 0.919
43 1.000 0.815 1.111 1.064 93 1.055 1.117 1.031 1.004
44 0.693 0.634 0.830 0.876 94 0.858 1.143 0.860 0.850
45 0.780 0.863 0.975 0.993 95 1.003 0.902 1.365 1.345
46 0.982 1.027 0.962 0.970 96 1.234 1.081 1.575 1.751
47 0.792 0.542 0.995 1.088 97 1.073 1.473 1.413 1.164
48 0.866 0.680 0.965 1.007 98 1.064 1.129 1.098 1.152
49 0.898 0.743 1.011 1.058 99 0.970 0.909 0.982 0.995
50 0.972 0.947 0.919 0.893 100 0.343 0.292 0.384 0.368

NC : Not Considered
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Table A.4.21 Comparison Results of Approximations with respect to ‘EXACT’ Values of

Maximum Base Shear for Frame ‘F552B’

EQ MULTI ATC FEMA 75%Vy EQ MULTI ATC FEMA 75%Vy
1 0.742 0.741 1.188 1.338 51 | 0932 0.919 0.946 0.947
2 1.036 1.035 1.628 1.774 52 1.008 1.004 1.009 1.011
3 0.971 0.961 1.125 1.152 53 | 0.926 0.893 1.055 1.105
4 0.932 0.932 0.874 0.876 54 NC NC NC NC
5 0.863 0.867 0.978 0.959 55 0.904 0.846 0.971 0.951
6 0.874 0.874 0.811 0.854 56 | 1.064 1.050 1.054 1.055
7 0.777 0.831 1.005 0.992 57 | 0.729 0.887 0.996 1.080
8 0.694 0.727 1.200 1.240 58 | 0.999 0.961 1.010 0.997
9 1.045 1.230 0.993 0.950 59 0.866 0.878 0.867 0.868
10 1.133 1.491 1.176 1.260 60 0.883 0.846 0.973 0.974
11 | o0.887 0.973 0.894 0.904 61 | 00918 0.781 1.021 1.020
12 0.784 0.787 1.024 1.022 62 1.015 1.042 1.026 1.023
13 0.791 0.752 0.958 0.988 63 0.985 0.994 0.996 0.996
14 | 0878 0.735 0.921 0.933 64 | 0921 0.910 0.919 0.018
15 0.850 0.878 1.164 1.119 65 1.040 0.805 1.181 1.219
16 | 0.094 0.968 1.019 1.026 66 | 0.093 1.000 1.000 1.009
17 0.671 0.610 0.997 1.076 67 0.971 0.974 0.979 0.981
18 | 0.826 1.128 0.866 0.873 68 | 0.988 0.994 1.003 1.003
19 | 0.926 0.823 0.988 0.997 69 | 0.921 0.930 0.933 0.933
20 0.875 0.712 0.867 0.873 70 0.920 0.899 0.920 0.921
21 0.913 1.003 0.994 1.007 71 1.009 1.075 1.035 1.028
22 | 0.875 0.894 0.927 0.935 72 | 0.901 0.851 0.018 0.921
23 | 0.883 0.999 1.073 1.024 73 | 0.910 0.894 0.917 0.920
24 0.823 1.001 1.293 1.365 74 0.953 0.970 0.984 0.981
25 | 0.682 0.659 0.900 0.990 75 | 0.964 0.955 0.968 0.068
26 | 0.935 0.018 0.964 0.966 76 | 0.905 0.847 0.915 0.014
27 0.968 1.034 1.003 1.003 77 0.848 0.858 0.859 0.850
28 | 0.905 0.650 0.892 0.912 78 | 0.891 0.899 0.902 0.901
29 0.925 0.895 0.927 0.944 79 1.012 1.022 1.025 1.026
30 | 1.057 1.169 0.866 0.862 80 | 1.013 1.010 1.005 1.005
31 0.973 1.064 1.000 0.962 81 NC NC NC NC
32 0.923 1.014 0.889 0.917 82 1.015 1.015 1.006 1.003
33 1.071 1.145 1.056 1.041 83 1.034 1.036 1.041 1.040
34 | 0.908 0.821 1.066 1.156 84 | 0.938 0.934 0.936 0.938
35 0.871 0.758 1.034 1.047 85 0.916 0.924 0.903 0.894
36 | 0.968 1.208 1.022 1.000 86 | 0921 0.906 0.931 0.034
37 | 0976 0.983 0.991 0.983 87 | 0.924 0.914 0.924 0.926
38 0.929 0.934 0.968 0.977 88 0.962 0.957 0.965 0.962
39 0.690 0.777 0.702 0.689 89 0.871 0.870 0.865 0.863

40 | 0034 0.806 0.955 0.960 90 | 1.015 1.024 1.020 1.016

41 1.017 1.009 1.047 1.049 91 0.948 0.954 0.954 0.954

42 | 1.123 1.375 1.234 1.210 92 | 0.896 0.884 0.896 0.898

43 0.955 0.938 0.966 0.962 93 0.886 0.883 0.889 0.891

44 | 00916 0.901 0.931 0.937 94 | 0.999 1.015 0.999 0.998

45 | 0.905 0.919 0.926 0.928 95 | 0.907 0.900 0.889 0.891

46 0.971 1.009 0.955 0.962 96 0.979 0.968 0.999 1.002

47 | 0.820 0.591 0.986 1.031 97 | 0915 0.947 0.944 0.923

48 | 0871 0.712 0.923 0.938 98 | 0.934 0.940 0.937 0.941

49 | 1.012 0.949 1.030 1.036 99 | 0.933 0.927 0.934 0.935
50 0.893 0.891 0.888 0.885 100 0.970 0.955 0.978 0.975

NC : Not Considered
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Table A.4.22 Comparison Results of Approximations with respect to ‘MULTI’ Values of

Maximum Top Displacement for Frame ‘F5S2B’

EQ ATC FEMA 75%Vy EQ ATC FEMA 75%Vy
1 1.000 1.605 1.809 51 0.895 1.138 1.146
2 0.999 1.558 1.695 52 0.968 1.012 1.034
3 0.988 1.187 1.221 53 0.959 1.161 1.224
4 1.000 0.939 0.941 54 NC NC NC
5 1.005 1.156 1.130 55 0.914 1.158 1.094
6 1.000 0.922 0.975 56 0.875 0.907 0.920
7 1.084 1.354 1.334 57 1.251 1.429 1.586
8 1.055 1.882 1.954 58 0.704 1.118 0.985
9 1.207 0.942 0.894 59 0.862 1.056 1.077
10 1.381 1.046 1.134 60 0.943 1.272 1.277
11 1.116 1.009 1.023 61 0.823 1.292 1.284
12 1.005 1.362 1.360 62 1.310 1.109 1.073
13 0.943 1.284 1.373 63 1.112 1.383 1.382
14 0.785 1.156 1.248 64 0.908 0.978 0.967
15 1.039 1.441 1.377 65 0.746 1.160 1.207
16 0.969 1.029 1.037 66 1.110 1.103 1.184
17 0.894 1.576 1.721 67 1.029 1.108 1.134
18 1.443 1.058 1.068 68 1.060 1.183 1.180
19 0.849 1.223 1.345 69 1.125 1.186 1.170

20 0.573 0.930 0.983 70 0.787 0.999 1.022

21 1.115 1.103 1.120 71 1.425 1.074 1.053

22 1.031 1.094 1.113 72 0.884 1.085 1.103

23 1.156 1.256 1.189 73 0.824 1.072 1.111

24 1.260 1.706 1.819 74 1.210 1.378 1.337

25 0.961 1.374 1.534 75 1.250 1.136 1.129
26 0.946 1.239 1.268 76 0.819 1.084 1.115
27 1.080 1.042 1.042 77 1.071 0.760 0.831
28 0.646 0.969 1.022 78 1.118 1.156 1.137
29 0.921 1.005 1.092 79 1.076 1.110 1.122
30 1.124 0.794 0.789 80 0.963 0.900 0.901
31 1.306 1.047 0.982 81 NC NC NC
32 1.141 0.958 0.993 82 0.781 1.067 1.049
33 1.081 0.984 0.966 83 1.119 1.105 1.097
34 0.889 1.203 1.320 84 0.972 1.022 1.021
35 0.853 1.253 1.279 85 0.967 1.170 1.231
36 1.290 1.064 1.037 86 0.835 1.108 1.144
37 1.063 1.156 1.065 87 0.900 0.995 1.018
38 1.010 1.125 1.177 88 0.952 1.037 0.997
39 1.150 1.020 0.999 89 0.994 0.937 0.916

40 0.795 1.080 1.107 90 1.124 1.052 1.017

41 0.898 1.271 1.293 91 1.038 1.041 1.050

42 1.265 1.114 1.089 92 0.899 1.001 1.018

43 0.831 1.100 1.057 93 1.053 0.979 0.954

44 0.930 1.168 1.226 94 1.311 1.002 0.992

45 1.087 1.210 1.230 95 0.905 1.333 1.315

46 1.045 0.980 0.988 96 0.882 1.256 1.389

47 0.687 1.253 1.352 97 1.334 1.284 1.077

48 0.787 1.099 1.140 98 1.057 1.029 1.077

49 0.855 1.103 1.147 99 0.941 1.011 1.024
50 0.976 0.949 0.924 100 0.859 1.110 1.065

NC : Not Considered
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Table A.4.23 Comparison Results of Approximations with respect to ‘MULTI’ Values of

Maximum Inter-story Drift Ratio for Frame ‘F5S2B’

EQ ATC FEMA 75%Vy EQ ATC FEMA 75%Vy
1 1.000 1.604 1.806 51 0.885 1.152 1.161
2 0.999 1.547 1.680 52 0.966 1.013 1.036
3 0.988 1.200 1.235 53 0.958 1.163 1.227
4 1.000 0.939 0.941 54 NC NC NC
5 1.005 1.163 1.135 55 0.911 1.191 1.112
6 1.000 0.922 0.975 56 0.868 0.901 0.915
7 1.087 1.370 1.349 57 1.253 1.432 1.594
8 1.057 1.901 1.974 58 0.684 1.126 0.984
9 1.210 0.941 0.892 59 0.852 1.057 1.080
10 1.394 1.048 1.139 60 0.940 1.336 1.342
11 1.123 1.009 1.024 61 0.822 1.358 1.349
12 1.005 1.369 1.366 62 1.334 1.118 1.080
13 0.943 1.299 1.408 63 1.121 1.410 1.410
14 0.773 1.194 1.309 64 0.899 0.976 0.963
15 1.040 1.469 1.399 65 0.745 1.159 1.207
16 0.968 1.030 1.038 66 1.117 1.110 1.196
17 0.892 1.583 1.728 67 1.031 1.117 1.144
18 1.461 1.061 1.071 68 1.070 1.208 1.205
19 0.839 1.278 1.427 69 1.134 1.200 1.183

20 0.528 0.922 0.982 70 0.774 0.999 1.023

21 1.115 1.103 1.120 71 1.517 1.092 1.065

22 1.034 1.107 1.129 72 0.863 1.106 1.128

23 1.159 1.261 1.193 73 0.814 1.077 1.119

24 1.277 1.754 1.874 74 1.228 1.410 1.365

25 0.960 1.378 1.538 75 1.268 1.143 1.135
26 0.934 1.289 1.323 76 0.784 1.099 1.134
27 1.079 1.041 1.042 77 1.079 0.737 0.812
28 0.631 0.963 1.028 78 1.127 1.168 1.148
29 0.904 1.006 1.114 79 1.084 1.122 1.135
30 1.132 0.784 0.779 80 0.961 0.893 0.895
31 1.381 1.055 0.979 81 NC NC NC
32 1.152 0.958 0.993 82 0.769 1.074 1.056
33 1.082 0.983 0.966 83 1.126 1.112 1.104
34 0.888 1.206 1.324 84 0.968 1.025 1.024
35 0.853 1.266 1.298 85 0.965 1.187 1.257
36 1.290 1.064 1.038 86 0.824 1.116 1.154
37 1.070 1.171 1.071 87 0.894 0.994 1.019
38 1.012 1.155 1.221 88 0.949 1.039 0.997
39 1.157 1.021 0.999 89 0.993 0.934 0.911

40 0.775 1.099 1.133 90 1.133 1.056 1.018

41 0.886 1.300 1.325 91 1.038 1.042 1.050

42 1.264 1.114 1.090 92 0.889 1.001 1.020

43 0.815 1.111 1.064 93 1.058 0.977 0.951

44 0.914 1.198 1.264 94 1.332 1.002 0.991

45 1.106 1.249 1.272 95 0.899 1.361 1.341

46 1.046 0.980 0.988 96 0.876 1.276 1.419

47 0.685 1.257 1.374 97 1.372 1.317 1.085

48 0.786 1.114 1.163 98 1.061 1.031 1.082

49 0.828 1.127 1.178 99 0.937 1.012 1.025
50 0.974 0.945 0.918 100 0.850 1.119 1.070

NC : Not Considered
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Table A.4.24 Comparison Results of Approximations with respect to ‘MULTI’ Values of

Maximum Base Shear for Frame ‘F552B’

EQ ATC FEMA 75%\Vy EQ ATC FEMA 75%\Vy
1 1.000 1.602 1.804 51 0.986 1.015 1.016
2 0.999 1.572 1.713 52 0.997 1.001 1.003
3 0.990 1.159 1.186 53 0.964 1.139 1.193
4 1.000 0.938 0.940 54 NC NC NC
5 1.005 1.134 1.112 55 0.935 1.074 1.052
6 1.000 0.928 0.977 56 0.987 0.990 0.992
7 1.070 1.293 1.277 57 1.216 1.365 1.480
8 1.047 1.728 1.786 58 0.963 1.011 0.998
9 1.177 0.950 0.909 59 1.015 1.002 1.002
10 1.317 1.039 1.112 60 0.958 1.102 1.103
11 1.097 1.008 1.019 61 0.851 1.113 1.111
12 1.004 1.306 1.304 62 1.027 1.011 1.008
13 0.951 1.211 1.249 63 1.009 1.011 1.011
14 0.837 1.048 1.062 64 0.988 0.998 0.996
15 1.033 1.369 1.317 65 0.774 1.136 1.172
16 0.973 1.025 1.032 66 1.007 1.007 1.015
17 0.908 1.486 1.603 67 1.003 1.008 1.010
18 1.367 1.049 1.057 68 1.006 1.016 1.015
19 0.889 1.067 1.077 69 1.009 1.013 1.012

20 0.814 0.992 0.998 70 0.978 1.000 1.002

21 1.099 1.089 1.103 71 1.065 1.025 1.019

22 1.022 1.059 1.069 72 0.945 1.019 1.022

23 1.132 1.216 1.160 73 0.982 1.007 1.011

24 1.216 1571 1.659 74 1.018 1.032 1.029

25 0.966 1.319 1.451 75 0.991 1.004 1.004
26 0.982 1.031 1.034 76 0.936 1.012 1.010
27 1.068 1.036 1.036 77 1.012 1.012 1.002
28 0.719 0.987 1.008 78 1.009 1.011 1.010
29 0.967 1.002 1.020 79 1.009 1.013 1.014
30 1.106 0.819 0.815 80 0.997 0.992 0.992
31 1.094 1.027 0.989 81 NC NC NC
32 1.099 0.964 0.994 82 1.000 0.992 0.988
33 1.069 0.986 0.971 83 1.002 1.007 1.006
34 0.904 1.174 1.273 84 0.996 0.998 1.000
35 0.871 1.188 1.202 85 1.009 0.985 0.976
36 1.248 1.056 1.033 86 0.984 1.012 1.015
37 1.007 1.016 1.007 87 0.989 0.999 1.002
38 1.005 1.042 1.051 88 0.995 1.003 1.000
39 1.126 1.017 0.999 89 0.999 0.994 0.991

40 0.863 1.023 1.028 90 1.009 1.005 1.002

41 0.992 1.029 1.031 91 1.007 1.007 1.007

42 1.225 1.099 1.078 92 0.986 1.000 1.002

43 0.982 1.012 1.007 93 0.996 1.003 1.005

44 0.984 1.017 1.023 94 1.016 1.000 0.999

45 1.015 1.023 1.025 95 0.993 0.980 0.983

46 1.038 0.983 0.990 96 0.989 1.020 1.023

47 0.721 1.203 1.258 97 1.035 1.031 1.009

48 0.817 1.060 1.078 98 1.006 1.003 1.008

49 0.938 1.018 1.023 99 0.994 1.001 1.002
50 0.997 0.994 0.992 100 0.984 1.008 1.005

NC : Not Considered
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Table A.4.25 Comparison Results of Approximations with respect to ‘EXACT’ Values of

Maximum Top Displacement for Frame ‘F5S4B’

EQ MULTI ATC FEMA 75%Vy EQ MULTI ATC FEMA 75%Vy
1 0.915 0.914 1.042 1.030 51 0.937 0.756 1.015 1.018
2 1.033 1.033 0.919 0.889 52 0.997 1.054 1.116 1.114
3 0.988 0.977 1.050 1.058 53 0.882 0.878 0.977 0.983
4 0.911 0.911 1.225 1.248 54 1.049 1.102 1.175 1.169
5 0.947 0.958 0.950 0.943 55 0.774 0.598 0.870 0.910
6 0.899 0.916 0.821 0.835 56 1.050 0.961 1.149 1.170
7 0.862 0.934 0.998 1.037 57 0.845 0.633 0.942 0.959
8 0.923 0.889 1.007 1.010 58 1.060 1.082 1.233 1.239
9 0.837 0.690 0.979 1.007 59 1.010 0.998 1.075 1.082
10 0.919 0.962 0.988 0.993 60 0.929 0.889 0.994 1.004
11 0.821 0.826 1.110 1.138 61 0.817 0.843 0.955 0.984
12 0.805 0.802 0.971 0.984 62 0.990 1.126 1.086 1.066
13 0.889 0.881 1.014 1.021 63 0.842 0.686 0.941 0.956
14 0.960 0.986 1.065 1.064 64 0.979 0.899 1.024 1.040
15 0.778 0.775 1.191 1.258 65 0.874 0.863 0.943 0.948
16 0.968 0.919 0.988 0.991 66 0.929 1.202 1.125 1.130
17 0.859 0.797 1.016 1.024 67 1.026 1.060 1.116 1.122
18 0.882 0.919 1.012 1.041 68 0.885 0.652 0.983 1.000
19 0.880 0.992 1.021 1.011 69 0.966 0.771 1.109 1.147
20 0.922 0.717 0.870 0.890 70 0.953 0.983 0.968 0.958
21 0.815 0.839 0.905 0.936 71 0.955 0.990 0.975 0.974
22 0.798 0.645 0.903 0.936 72 0.804 0.715 0.857 0.906
23 0.694 0.652 0.967 0.989 73 0.846 0.916 0.875 0.900
24 0.820 0.784 1.074 1.112 74 1.108 1.040 1.220 1.226
25 0.914 1.078 1.107 1.099 75 1.000 0.965 1.123 1.042
26 0.890 0.771 0.975 1.007 76 0.904 0.897 0.941 0.944
27 0.742 0.758 0.853 0.892 77 1.250 1.108 1.354 1.365
28 0.895 0.716 0.906 0.953 78 0.952 1.075 1.219 1.235
29 1.002 0.907 0.996 0.991 79 0.992 0.989 1.082 1.069
30 1.032 1.038 0.988 1.010 80 0.866 0.672 0.769 0.779
31 0.889 0.730 1.036 1.052 81 0.910 0.721 0.855 0.875
32 0.807 0.718 0.846 0.886 82 0.994 1.310 1.110 1.068
33 0.912 0.990 0.944 0.948 83 0.972 1.014 0.957 0.956
34 0.942 0.844 1.054 1.042 84 0.935 0.814 1.024 1.048
35 1.132 1.322 1.073 1.039 85 1.027 1.137 1.057 1.059
36 0.865 0.758 0.967 0.986 86 0.987 0.954 0.997 0.999
37 0.946 0.846 0.923 0.970 87 0.982 0.913 0.975 0.982
38 0.952 0.863 1.071 1.081 88 0.985 0.791 1.046 1.071
39 0.987 0.983 0.917 0.909 89 1.005 0.939 1.108 1.120
40 0.876 0.682 0.834 0.856 90 0.975 0.852 0.950 0.985
41 1.033 1.449 1.164 1.124 91 0.985 1.008 1.019 1.021
42 0.978 1.131 0.960 0.932 92 1.072 1.122 1.239 1.238
43 1.034 1.025 1.004 1.006 93 1.114 1.088 1.098 1.095
44 0.828 0.711 0.927 0.929 94 0.976 0.822 0.982 0.993
45 0.874 0.686 0.956 0.971 95 0.666 0.565 0.628 0.612
46 0.906 0.942 0.925 0.927 96 0.759 1.048 0.822 0.824
47 0.917 0.966 0.984 0.982 97 0.757 0.949 0.870 0.852
48 0.989 0.940 0.999 1.001 98 0.846 0.836 0.910 0.928
49 0.919 0.912 0.968 0.968 99 1.029 0.966 1.007 1.013
50 1.028 0.978 1.157 1.138 100 0.938 0.960 1.032 1.079

NC : Not Considered
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Table A.4.26 Comparison Results of Approximations with respect to ‘EXACT’ Values of
Maximum Inter-story Drift Ratio for Frame ‘F5S4B’

EQ MULTI ATC FEMA 75%Vy EQ MULTI ATC FEMA 75%Vy
1 0.918 0.918 1.046 1.033 51 0.916 0.724 0.997 1.000
2 0.989 0.989 0.879 0.850 52 1.027 1.090 1.158 1.156
3 1.009 0.997 1.075 1.084 53 0.909 0.904 1.008 1.014
4 0.871 0.871 1.171 1.193 54 1.045 1.099 1.172 1.166
5 0.955 0.967 0.959 0.951 55 0.765 0.589 0.869 0.915
6 0.749 0.765 0.683 0.695 56 1.020 0.933 1.116 1.136
7 0.872 0.947 1.014 1.055 57 0.841 0.628 0.950 0.969
8 0.922 0.888 1.008 1.011 58 1.047 1.069 1.223 1.229
9 0.879 0.723 1.030 1.060 59 0.956 0.945 1.012 1.019
10 0.952 0.998 1.026 1.031 60 0.973 0.931 1.043 1.053
11 0.790 0.796 1.079 1.107 61 0.809 0.836 0.960 0.992
12 0.792 0.790 0.958 0.970 62 0.983 1.138 1.092 1.069
13 0.909 0.901 1.043 1.052 63 0.868 0.700 0.972 0.987
14 0.964 0.995 1.087 1.086 64 1.019 0.923 1.071 1.090
15 0.763 0.760 1.185 1.253 65 0.890 0.879 0.961 0.966
16 0.931 0.884 0.951 0.954 66 0.937 1.240 1.155 1.160
17 0.872 0.809 1.033 1.041 67 1.034 1.068 1.125 1.131
18 0.889 0.927 1.024 1.054 68 0.873 0.617 0.976 0.994
19 0.898 1.017 1.049 1.039 69 0.988 0.783 1.135 1.173
20 0.891 0.678 0.838 0.858 70 0.925 0.954 0.939 0.929
21 0.811 0.835 0.902 0.933 71 0.972 1.007 0.992 0.991
22 0.769 0.618 0.884 0.921 72 0.797 0.697 0.856 0.909
23 0.686 0.643 0.960 0.983 73 0.796 0.867 0.826 0.850
24 0.780 0.745 1.029 1.066 74 1.122 1.049 1.241 1.247
25 0.907 1.072 1.101 1.093 75 1.045 1.009 1.175 1.090
26 0.882 0.760 0.976 1.013 76 0.929 0.920 0.971 0.974
27 0.764 0.781 0.879 0.920 77 1.197 1.073 1.275 1.283
28 0.904 0.701 0.916 0.969 78 0.904 1.025 1.163 1.179
29 1.010 0.903 1.004 0.997 79 1.018 1.014 1.115 1.101
30 0.555 0.559 0.532 0.544 80 0.912 0.710 0.813 0.824
31 0.874 0.714 1.037 1.056 81 0.957 0.776 0.904 0.923
32 0.799 0.711 0.838 0.878 82 1.027 1.328 1.140 1.100
33 0.810 0.880 0.838 0.842 83 0.964 1.007 0.949 0.948
34 0.939 0.841 1.053 1.041 84 0.967 0.825 1.072 1.099
35 1.150 1.345 1.090 1.054 85 1.060 1.170 1.091 1.094
36 0.888 0.777 0.994 1.013 86 0.987 0.953 0.997 1.000
37 0.938 0.832 0.914 0.963 87 0.966 0.897 0.958 0.966
38 0.960 0.857 1.096 1.107 88 0.979 0.785 1.037 1.061
39 0.502 0.500 0.465 0.460 89 0.966 0.901 1.062 1.073
40 0.870 0.660 0.821 0.847 90 1.009 0.873 0.981 1.019
41 1.067 1.564 1.219 1.172 91 1.022 1.044 1.055 1.056
42 0.976 1.131 0.958 0.929 92 1.072 1.126 1.248 1.247
43 1.039 1.029 1.005 1.007 93 1.161 1.135 1.145 1.142
44 0.850 0.721 0.957 0.959 94 1.007 0.855 1.013 1.024
45 0.863 0.658 0.955 0.972 95 0.662 0.558 0.624 0.607
46 0.830 0.864 0.848 0.849 96 0.741 1.052 0.810 0.812
47 0.952 1.003 1.021 1.019 97 0.747 0.966 0.876 0.856
48 0.933 0.885 0.943 0.945 98 0.852 0.841 0.919 0.938
49 0.960 0.951 1.019 1.019 99 1.028 0.963 1.006 1.011
50 0.977 0.924 1.108 1.088 100 0.904 0.925 0.995 1.040

NC : Not Considered
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Table A.4.27 Comparison Results of Approximations with respect to ‘EXACT’ Values of

Maximum Base Shear for Frame ‘F554B’

EQ MULTI ATC FEMA 75%Vy EQ MULTI ATC FEMA 75%Vy
1 0.884 0.884 1.020 1.007 51 | 0.946 0.878 0.965 0.966
2 0.924 0.924 0.816 0.787 52 0.998 1.015 1.031 1.031
3 1.011 1.001 1.069 1.076 53 | 0.805 0.801 0.886 0.892
4 0.806 0.806 1.078 1.098 54 | 1.011 1.019 1.030 1.029
5 0.915 0.926 0.919 0.912 55 0.803 0.631 0.876 0.902
6 0.791 0.806 0.724 0.736 56 | 0.951 0.038 0.964 0.966
7 0.874 0.941 1.000 1.036 57 | 00918 0.704 0.994 1.005
8 0.936 0.904 1.015 1.018 58 | 0.967 0.972 0.995 0.996
9 0.955 0.797 1.108 1.137 59 0.907 0.906 0.912 0.913
10 1.078 1.125 1.153 1.158 60 1.015 0.974 1.081 1.090
11 | 0.767 0.771 1.014 1.038 61 | 0.801 0.824 0.903 0.919
12 0.802 0.800 0.957 0.969 62 0.929 0.983 0.969 0.962
13 0.943 0.934 1.056 1.062 63 1.005 0.957 1.024 1.027
14 | 0.987 1.002 1.039 1.039 64 | 0.967 0.925 0.986 0.992
15 | 0771 0.768 1.140 1.199 65 | 0.741 0.733 0.797 0.800
16 0.874 0.833 0.891 0.894 66 1.042 1.132 1.113 1.115
17 0.928 0.865 1.087 1.095 67 1.053 1.059 1.067 1.068
18 | 0.988 1.026 1.122 1.152 68 | 0.936 0.800 0.966 0.970
19 | 0.949 1.055 1.077 1.070 69 | 0.905 0.865 0.924 0.928
20 0.907 0.840 0.895 0.900 70 0.912 0.915 0.914 0.912
21 0.764 0.785 0.843 0.870 71 1.098 1.135 1.119 1.118
22 | 0.858 0.710 0.934 0.952 72 | 0.865 0.819 0.887 0.904
23 | 0.704 0.664 0.960 0.981 73 | 0.870 0.886 0.876 0.882
24 0.748 0.717 0.962 0.994 74 0.887 0.873 0.907 0.908
25 0.903 1.055 1.081 1.075 75 1.111 1.105 1.131 1.119
26 | 0.901 0.793 0.963 0.982 76 | 0.826 0.822 0.850 0.851
27 0.754 0.769 0.859 0.896 77 0.966 0.954 0.971 0.972
28 | 0.899 0.807 0.903 0.918 78 | 0.870 0.892 0.910 0.912
29 1.036 0.991 1.034 1.031 79 1.310 1.308 1.342 1.338
30 | 0473 0.476 0.454 0.464 80 | 0.976 0.941 0.960 0.962
31 0.931 0.777 1.034 1.043 81 1.003 0.979 0.997 1.000
32 0.810 0.726 0.846 0.884 82 1.010 1.033 1.022 1.019
33 | 0.791 0.853 0.816 0.820 83 | 1.024 1.032 1.021 1.021
34 | 0.936 0.844 1.039 1.028 84 | 1.071 0.981 1.115 1.125
35 1.165 1.347 1.108 1.074 85 0.983 0.996 0.987 0.987
36 | 0.958 0.846 1.064 1.083 86 | 1.037 1.029 1.038 1.039
37 | 0.969 0.938 0.963 0.974 87 | 0.938 0.927 0.937 0.938
38 | 1.000 0.943 1.053 1.057 88 | 0.891 0.861 0.899 0.901
39 0.457 0.455 0.427 0.423 89 0.829 0.820 0.840 0.841

40 | 0014 0.761 0.889 0.902 90 | 1.020 0.982 1.014 1.022

41 | 1.052 1.269 1.146 1.119 91 | 0.991 0.994 0.995 0.995

42 | 1.160 1.330 1.141 1.109 92 | 00978 0.988 1.010 1.009

43 1.045 1.040 1.027 1.028 93 0.994 0.991 0.992 0.992

44 | 0.997 0.951 1.024 1.024 94 | 0917 0.898 0.018 0.018

45 | 0.024 0.785 0.961 0.966 95 | 0.862 0.832 0.853 0.848

46 0.641 0.665 0.654 0.655 96 0.925 1.027 0.956 0.957

47 | 0.827 0.868 0.883 0.881 97 | 0.746 0.827 0.800 0.793

48 | 0.845 0.807 0.851 0.853 98 | 0.992 0.989 1.009 1.012

49 | 1.083 1.078 1114 1.115 99 | 0.967 0.955 0.963 0.964
50 0.963 0.947 0.995 0.991 100 0.892 0.895 0.906 0.911

NC : Not Considered
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Table A.4.28 Comparison Results of Approximations with respect to ‘MULTI’ Values of

Maximum Top Displacement for Frame ‘F5S4B’

EQ ATC FEMA 75%Vy EQ ATC FEMA 75%Vy
1 1.000 1.140 1.126 51 0.807 1.084 1.086
2 1.000 0.889 0.861 52 1.056 1.119 1.116
3 0.989 1.063 1.071 53 0.995 1.108 1.115
4 1.000 1.344 1.370 54 1.051 1.120 1.115
5 1.012 1.004 0.996 55 0.772 1.123 1.175
6 1.019 0.913 0.929 56 0.915 1.094 1.115
7 1.083 1.157 1.202 57 0.750 1.116 1.136
8 0.964 1.091 1.095 58 1.020 1.163 1.168
9 0.825 1.170 1.204 59 0.988 1.064 1.072
10 1.047 1.076 1.081 60 0.957 1.070 1.080
11 1.006 1.352 1.386 61 1.032 1.169 1.204
12 0.997 1.206 1.222 62 1.138 1.097 1.077
13 0.991 1.141 1.149 63 0.815 1.118 1.136
14 1.027 1.110 1.109 64 0.918 1.046 1.062
15 0.996 1.530 1.616 65 0.988 1.080 1.085
16 0.950 1.021 1.024 66 1.294 1.210 1.216
17 0.928 1.183 1.193 67 1.033 1.087 1.093
18 1.042 1.148 1.181 68 0.736 1.110 1.129
19 1.127 1.160 1.149 69 0.798 1.148 1.188

20 0.778 0.944 0.965 70 1.031 1.015 1.005

21 1.029 1.111 1.149 71 1.036 1.020 1.020

22 0.809 1.132 1.173 72 0.890 1.066 1.127

23 0.939 1.393 1.425 73 1.084 1.034 1.064

24 0.956 1.310 1.356 74 0.939 1.101 1.106

25 1.179 1.211 1.203 75 0.965 1.124 1.043
26 0.866 1.095 1.132 76 0.992 1.041 1.043
27 1.021 1.149 1.201 77 0.886 1.084 1.092
28 0.800 1.012 1.065 78 1.128 1.280 1.297
29 0.906 0.995 0.989 79 0.996 1.090 1.077
30 1.006 0.958 0.979 80 0.775 0.887 0.899
31 0.820 1.165 1.183 81 0.793 0.939 0.962
32 0.890 1.048 1.098 82 1.318 1.116 1.075
33 1.085 1.034 1.039 83 1.043 0.985 0.984
34 0.896 1.119 1.106 84 0.870 1.095 1.120
35 1.167 0.948 0.917 85 1.108 1.029 1.032
36 0.876 1.118 1.140 86 0.967 1.010 1.013
37 0.894 0.976 1.025 87 0.929 0.992 1.000
38 0.906 1.125 1.135 88 0.803 1.062 1.087
39 0.996 0.929 0.920 89 0.933 1.102 1.114

40 0.779 0.952 0.977 90 0.873 0.974 1.010

41 1.403 1.127 1.088 91 1.023 1.035 1.036

42 1.157 0.982 0.953 92 1.047 1.156 1.155

43 0.991 0.971 0.973 93 0.977 0.986 0.983

44 0.858 1.119 1.121 94 0.843 1.006 1.017

45 0.785 1.095 1.112 95 0.849 0.944 0.920

46 1.040 1.021 1.023 96 1.381 1.084 1.086

47 1.054 1.073 1.070 97 1.254 1.149 1.126

48 0.951 1.010 1.012 98 0.988 1.075 1.097

49 0.992 1.053 1.053 99 0.938 0.978 0.984
50 0.951 1.125 1.107 100 1.023 1.100 1.150

NC : Not Considered
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Table A.4.29 Comparison Results of Approximations with respect to ‘MULTI’ Values of

Maximum Inter-story Drift Ratio for Frame ‘F5S4B’

EQ ATC FEMA 75%Vy EQ ATC FEMA 75%Vy
1 1.000 1.139 1.125 51 0.791 1.089 1.092
2 1.000 0.889 0.860 52 1.061 1.127 1.125
3 0.988 1.066 1.074 53 0.995 1.109 1.116
4 1.000 1.344 1.370 54 1.051 1.121 1.115
5 1.012 1.004 0.996 55 0.770 1.136 1.196
6 1.020 0.911 0.927 56 0.915 1.095 1.114
7 1.087 1.163 1.210 57 0.746 1.130 1.153
8 0.963 1.093 1.096 58 1.021 1.168 1.173
9 0.822 1.172 1.206 59 0.989 1.059 1.066
10 1.048 1.078 1.083 60 0.957 1.072 1.082
11 1.006 1.365 1.400 61 1.033 1.186 1.227
12 0.997 1.208 1.225 62 1.157 1.111 1.088
13 0.991 1.147 1.157 63 0.806 1.120 1.138
14 1.032 1.127 1.126 64 0.906 1.051 1.070
15 0.996 1.553 1.643 65 0.988 1.081 1.086
16 0.949 1.021 1.025 66 1.324 1.233 1.239
17 0.928 1.185 1.194 67 1.033 1.088 1.094
18 1.044 1.153 1.186 68 0.707 1.119 1.139
19 1.132 1.168 1.156 69 0.792 1.149 1.187

20 0.761 0.941 0.963 70 1.031 1.015 1.005

21 1.030 1.113 1.151 71 1.037 1.021 1.020

22 0.804 1.150 1.198 72 0.875 1.074 1.141

23 0.938 1.401 1.434 73 1.088 1.037 1.068

24 0.955 1.318 1.366 74 0.935 1.106 1.111

25 1.181 1.213 1.205 75 0.965 1.124 1.043
26 0.862 1.106 1.148 76 0.991 1.046 1.049
27 1.021 1.150 1.203 77 0.897 1.065 1.072
28 0.776 1.013 1.072 78 1.133 1.286 1.304
29 0.894 0.994 0.988 79 0.996 1.096 1.082
30 1.006 0.958 0.979 80 0.779 0.892 0.903
31 0.817 1.186 1.208 81 0.812 0.945 0.965
32 0.889 1.048 1.099 82 1.293 1.111 1.071
33 1.087 1.035 1.040 83 1.044 0.984 0.983
34 0.895 1.121 1.108 84 0.853 1.108 1.136
35 1.169 0.947 0.916 85 1.103 1.029 1.032
36 0.875 1.119 1.141 86 0.966 1.011 1.013
37 0.887 0.974 1.027 87 0.929 0.992 1.000
38 0.893 1.142 1.154 88 0.802 1.060 1.085
39 0.996 0.926 0.917 89 0.933 1.099 1.111

40 0.759 0.944 0.974 90 0.865 0.973 1.010

41 1.465 1.142 1.098 91 1.021 1.032 1.033

42 1.159 0.982 0.952 92 1.050 1.164 1.163

43 0.990 0.967 0.969 93 0.978 0.986 0.984

44 0.848 1.126 1.128 94 0.849 1.005 1.016

45 0.762 1.107 1.127 95 0.844 0.942 0.917

46 1.041 1.022 1.024 96 1.421 1.094 1.096

47 1.054 1.073 1.071 97 1.293 1.172 1.146

48 0.949 1.011 1.013 98 0.987 1.079 1.101

49 0.991 1.061 1.062 99 0.936 0.978 0.983
50 0.946 1.134 1.114 100 1.023 1.101 1.150

NC : Not Considered
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Table A.4.30 Comparison Results of Approximations with respect to ‘MULTI” Values of

Maximum Base Shear for Frame ‘F554B’

EQ ATC FEMA 75%\Vy EQ ATC FEMA 75%\Vy
1 1.000 1.154 1.139 51 0.927 1.020 1.020
2 1.000 0.882 0.852 52 1.017 1.033 1.033
3 0.990 1.057 1.065 53 0.995 1.101 1.108
4 1.000 1.337 1.362 54 1.008 1.018 1.017
5 1.011 1.004 0.997 55 0.786 1.091 1.123
6 1.019 0.915 0.931 56 0.986 1.013 1.016
7 1.076 1.144 1.185 57 0.767 1.083 1.094
8 0.966 1.085 1.088 58 1.005 1.029 1.030
9 0.835 1.159 1.190 59 0.998 1.006 1.006
10 1.043 1.070 1.075 60 0.959 1.064 1.073
11 1.006 1.322 1.353 61 1.028 1.128 1.148
12 0.997 1.192 1.207 62 1.058 1.043 1.035
13 0.991 1.120 1.126 63 0.952 1.019 1.022
14 1.015 1.053 1.052 64 0.956 1.019 1.026
15 0.997 1.478 1.555 65 0.989 1.075 1.080
16 0.953 1.019 1.023 66 1.086 1.069 1.070
17 0.933 1.172 1.180 67 1.005 1.013 1.014
18 1.039 1.137 1.167 68 0.854 1.032 1.037
19 1.111 1.135 1.128 69 0.956 1.021 1.026

20 0.926 0.987 0.993 70 1.004 1.002 1.001

21 1.028 1.104 1.140 71 1.034 1.019 1.018

22 0.827 1.088 1.109 72 0.946 1.025 1.044

23 0.943 1.363 1.393 73 1.018 1.007 1.014

24 0.959 1.286 1.328 74 0.985 1.023 1.024

25 1.168 1.197 1.190 75 0.995 1.017 1.007
26 0.880 1.068 1.090 76 0.994 1.029 1.030
27 1.020 1.139 1.188 77 0.988 1.006 1.006
28 0.898 1.004 1.022 78 1.025 1.046 1.048
29 0.957 0.998 0.996 79 0.999 1.025 1.021
30 1.006 0.959 0.980 80 0.965 0.984 0.986
31 0.834 1.111 1.121 81 0.976 0.994 0.997
32 0.896 1.045 1.092 82 1.023 1.012 1.008
33 1.078 1.032 1.036 83 1.008 0.997 0.997
34 0.902 1.110 1.098 84 0.917 1.041 1.050
35 1.157 0.951 0.922 85 1.014 1.004 1.005
36 0.883 1.111 1.131 86 0.993 1.002 1.002
37 0.968 0.993 1.006 87 0.988 0.999 1.000
38 0.943 1.053 1.057 88 0.966 1.008 1.012
39 0.996 0.935 0.927 89 0.990 1.013 1.015

40 0.833 0.972 0.987 90 0.964 0.994 1.002

41 1.207 1.090 1.064 91 1.002 1.003 1.004

42 1.146 0.983 0.956 92 1.010 1.032 1.032

43 0.995 0.983 0.984 93 0.997 0.998 0.998

44 0.953 1.027 1.027 94 0.979 1.000 1.001

45 0.849 1.040 1.046 95 0.966 0.990 0.984

46 1.037 1.020 1.021 96 1.110 1.034 1.034

47 1.050 1.068 1.066 97 1.109 1.072 1.063

48 0.956 1.008 1.010 98 0.997 1.017 1.020

49 0.995 1.029 1.030 99 0.988 0.996 0.997
50 0.983 1.033 1.029 100 1.003 1.015 1.021

NC : Not Considered
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Table A.4.31 Comparison Results of Approximations with respect to ‘EXACT’ Values of

Maximum Top Displacement for Frame ‘F5S7B’

EQ MULTI ATC FEMA 75%Vy EQ MULTI ATC FEMA 75%Vy
1 0.977 0.977 0.938 1.138 51 0.925 0.603 0.948 1.037
2 0.984 0.984 1.535 1.654 52 1.033 1.102 1.064 1.061
3 0.976 0.940 1.199 1.250 53 0.884 0.863 0.995 1.012
4 0.978 0.977 0.975 0.879 54 0.843 0.759 0.847 0.911
5 0.821 0.892 0.987 1.005 55 0.994 0.910 1.076 1.078
6 0.917 0.957 0.702 0.658 56 0.996 0.941 1.010 1.026
7 0.700 0.731 0.941 1.038 57 0.865 1.119 1.060 0.984
8 0.805 0.909 1.216 1.170 58 NC NC NC NC

9 0.901 1.383 1.013 0.938 59 0.998 0.780 1.005 1.072
10 0.892 1.222 0.872 0.725 60 0.859 0.709 0.972 1.119
11 0.850 0.936 0.906 0.870 61 0.896 0.817 1.056 1.061
12 0.780 0.822 1.026 1.180 62 1.011 1.150 1.260 1.270
13 0.930 0.869 1.107 1.228 63 0.848 0.394 0.997 1.084
14 0.818 0.687 1.027 1.111 64 0.973 0.816 0.997 1.040
15 0.890 1.010 0.937 0.978 65 0.966 0.809 0.953 1.069
16 0.921 0.938 1.080 1.122 66 1.059 1.313 1.607 1.341
17 0.831 0.894 1.170 1.291 67 1.023 1.090 1.321 1.291
18 0.798 0.905 0.956 0.880 68 0.897 1.088 1.100 1.046
19 0.738 0.558 0.928 1.070 69 1.045 1.090 1.292 1.355
20 0.893 0.694 0.928 1.042 70 1.022 0.777 1.083 1.169
21 0.863 0.748 1.086 1.042 71 1.002 0.993 1.092 1.023
22 0.951 0.951 1.044 1.060 72 0.985 1.193 0.999 1.085
23 0.839 0.937 1.158 1.167 73 NC NC NC NC

24 0.742 0.839 1.029 1.037 74 0.940 0.810 0.897 0.999
25 0.994 1.062 1.048 1.214 75 1.067 0.760 1.149 1.387
26 0.890 0.808 1.035 1.116 76 0.785 0.769 0.909 1.051
27 0.959 1.019 0.993 0.982 77 0.958 0.719 1.105 1.069
28 0.935 0.884 0.932 1.028 78 0.954 0.988 1.013 1.032
29 0.916 1.075 1.015 1.091 79 1.000 0.797 0.959 1.020
30 0.784 0.879 1.084 0.966 80 NC NC NC NC

31 0.937 0.675 1.240 1.188 81 NC NC NC NC

32 0.848 1.029 1.018 1.066 82 NC NC NC NC

33 0.944 0.965 0.961 0.945 83 0.961 1.056 1.107 1.038
34 1.023 1.252 0.924 1.018 84 0.984 1.163 1.188 1.131
35 0.794 0.618 1.065 1.198 85 0.858 0.840 0.970 1.047
36 0.936 1.251 1.085 1.036 86 0.921 0.683 0.955 1.021
37 0.876 1.122 0.985 1.090 87 NC NC NC NC

38 0.966 0.719 1.249 1.350 88 1.041 1.032 1.177 1.130
39 0.890 1.001 0.873 0.862 89 0.954 0.653 0.825 0.881
40 0.900 0.872 1.012 1.130 90 1.020 0.982 1.157 1.141
41 0.796 0.794 1.173 1.031 91 NC NC NC NC

42 1.001 1.191 1.037 1.009 92 0.996 1.077 0.982 1.079
43 1.014 0.805 1.189 1.184 93 1.057 0.781 1.071 1.166
44 0.766 0.871 0.904 1.095 94 NC NC NC NC

45 0.984 0.688 1.233 1.303 95 1.036 1.389 0.934 0.990
46 0.915 1.079 0.900 0.878 96 0.902 1.720 1.319 1.166
47 0.999 1.026 1.061 1.123 97 1.104 1.458 1.406 1.658
48 0.812 0.856 0.976 1.057 98 0.919 0.811 0.905 1.049
49 0.961 1.011 1.188 1.202 99 NC NC NC NC

50 0.963 0.744 1.015 1.101 100 1.036 1.428 1.254 1.058

NC : Not Considered
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Table A.4.32 Comparison Results of Approximations with respect to ‘EXACT’ Values of
Maximum Inter-story Drift Ratio for Frame ‘F5S7B’

EQ MULTI ATC FEMA 75%Vy EQ MULTI ATC FEMA 75%Vy
1 1.005 1.005 0.965 1.172 51 0.910 0.562 0.935 1.036
2 1.009 1.009 1.571 1.690 52 1.056 1.129 1.088 1.085
3 0.972 0.936 1.196 1.247 53 0.864 0.844 0.980 0.998
4 1.016 1.015 1.012 0.913 54 0.812 0.721 0.815 0.887
5 0.831 0.903 1.000 1.018 55 0.909 0.825 0.994 0.997
6 0.904 0.944 0.692 0.648 56 0.977 0.924 0.990 1.005
7 0.707 0.738 0.951 1.050 57 0.829 1.092 1.030 0.951
8 0.803 0.907 1.215 1.169 58 NC NC NC NC

9 0.926 1.469 1.051 0.967 59 0.845 0.660 0.851 0.906
10 0.932 1.307 0.910 0.757 60 0.845 0.689 0.969 1.136
11 0.849 0.936 0.905 0.869 61 0.886 0.802 1.055 1.061
12 0.764 0.805 1.006 1.165 62 1.012 1.152 1.265 1.275
13 0.880 0.819 1.059 1.186 63 0.420 0.179 0.495 0.537
14 0.783 0.648 0.999 1.092 64 0.990 0.808 1.017 1.067
15 0.869 0.986 0.915 0.955 65 0.986 0.815 0.971 1.100
16 0.944 0.962 1.108 1.152 66 1.091 1.374 1.686 1.406
17 0.771 0.829 1.086 1.202 67 1.035 1.103 1.337 1.308
18 0.818 0.928 0.980 0.902 68 0.939 1.168 1.184 1.117
19 0.701 0.519 0.900 1.058 69 1.078 1.125 1.333 1.406
20 0.857 0.654 0.894 1.021 70 0.987 0.747 1.045 1.127
21 0.860 0.737 1.102 1.053 71 1.031 1.021 1.137 1.057
22 0.937 0.937 1.043 1.061 72 1.018 1.262 1.034 1.133
23 0.855 0.955 1.185 1.194 73 NC NC NC NC

24 0.726 0.821 1.008 1.016 74 0.970 0.818 0.920 1.033
25 0.960 1.030 1.015 1.191 75 0.498 0.353 0.535 0.654
26 0.883 0.794 1.049 1.143 76 0.771 0.753 0.908 1.073
27 1.010 1.082 1.051 1.038 77 0.724 0.532 0.840 0.812
28 0.897 0.845 0.893 0.992 78 0.936 0.969 0.994 1.013
29 0.906 1.086 1.020 1.104 79 0.975 0.773 0.935 0.995
30 0.813 0.911 1.125 1.002 80 NC NC NC NC

31 0.903 0.623 1.242 1.183 81 NC NC NC NC

32 0.816 1.015 1.003 1.056 82 NC NC NC NC

33 0.955 0.979 0.974 0.956 83 0.959 1.054 1.103 1.036
34 1.012 1.260 0.913 1.008 84 0.992 1.200 1.229 1.162
35 0.784 0.607 1.076 1.222 85 0.900 0.880 1.020 1.101
36 0.930 1.284 1.092 1.038 86 0.749 0.533 0.781 0.843
37 0.835 1.107 0.954 1.071 87 NC NC NC NC

38 0.965 0.696 1.289 1.408 88 1.024 1.014 1.154 1.110
39 0.849 0.955 0.832 0.822 89 0.735 0.491 0.635 0.679
40 0.886 0.855 1.013 1.145 90 1.048 1.009 1.191 1.175
41 0.809 0.806 1.256 1.086 91 NC NC NC NC

42 1.027 1.250 1.069 1.036 92 0.996 1.090 0.980 1.092
43 1.010 0.776 1.191 1.187 93 0.972 0.708 0.986 1.081
44 0.723 0.837 0.873 1.083 94 NC NC NC NC

45 0.951 0.633 1.230 1.308 95 0.998 1.347 0.901 0.954
46 0.971 1.152 0.955 0.932 96 0.944 1.837 1.399 1.234
47 0.976 1.005 1.042 1.108 97 1.127 1.494 1.440 1.700
48 0.821 0.868 0.997 1.087 98 0.897 0.787 0.882 1.025
49 0.990 1.048 1.258 1.274 99 NC NC NC NC

50 0.955 0.711 1.011 1.099 100 0.935 1.300 1.130 0.955

NC : Not Considered
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Table A.4.33 Comparison Results of Approximations with respect to ‘EXACT’ Values of

Maximum Base Shear for Frame ‘F5S57B’

EQ MULTI ATC FEMA 75%Vy EQ MULTI ATC FEMA 75%Vy
1 1.088 1.088 1.045 1.270 51 | 0.936 0.707 0.944 0.970
2 1.116 1.116 1.735 1.864 52 1.071 1.073 1.072 1.072
3 0.956 0.925 1.146 1.189 53 | 0.981 0.960 1.089 1.105
4 1.000 0.999 0.997 0.909 54 | 0.862 0.806 0.863 0.891
5 0.826 0.888 0.971 0.987 55 0.912 0.851 0.965 0.967
6 0.802 0.833 0.634 0.599 56 | 1.009 1.008 1.010 1.011
7 0.743 0.772 0.973 1.064 57 0.880 1.087 1.042 0.981
8 0.792 0.884 1.155 1.115 58 NC NC NC NC
9 0.985 1.407 1.089 1.019 59 0.898 0.891 0.899 0.903
10 1.050 1.382 1.028 0.868 60 0.922 0.787 1.015 1.120
11 | 0.853 0.931 0.903 0.871 61 | 0.781 0.721 0.892 0.895
12 0.781 0.819 1.005 1.139 62 1.023 1.028 1.033 1.033
13 0.868 0.819 1.003 1.088 63 0.889 0.686 0.896 0.898
14 | 0.783 0.674 0.941 0.996 64 | 0.988 0.920 0.994 1.007
15 | 0.879 0.983 0.920 0.955 65 | 1.102 0.944 1.089 1.203
16 0.927 0.943 1.073 1.112 66 1.027 1.052 1.061 1.053
17 0.679 0.726 0.930 1.016 67 0.971 0.973 0.982 0.981
18 | 0.868 0.976 1.026 0.951 68 | 0.986 1.047 1.049 1.036
19 | 0.770 0.606 0.921 1.017 69 | 0.961 0.964 0.968 0.963
20 0.845 0.687 0.870 0.944 70 0.938 0.927 0.938 0.942
21 0.896 0.792 1.077 1.044 71 1.134 1.130 1.162 1.141
22 | 0957 0.957 1.022 1.033 72 | 1.000 1.127 1.010 1.070
23 | 0.907 1.004 1218 1.206 73 NC NC NC NC
24 0.738 0.823 0.989 0.996 74 1.030 0.998 1.020 1.036
25 | 0.929 0.986 0.974 1.105 75 | 0973 0.960 0.976 0.971
26 | 0.920 0.861 0.088 1.010 76 | 0.899 0.887 0.994 1.061
27 1.120 1.171 1.150 1.141 77 0.954 0.947 0.969 0.968
28 | 0.858 0.818 0.855 0.926 78 | 1.035 1.036 1.036 1.038
29 0.950 1.063 1.022 1.074 79 1.049 1.036 1.046 1.050
30 | 0.864 0.955 1.152 1.039 80 NC NC NC NC
31 0.932 0.754 1.008 1.000 81 NC NC NC NC
32 0.863 0.991 0.984 1.016 82 NC NC NC NC
33 1.058 1.079 1.074 1.058 83 1.016 1.019 1.023 1.017
34 | 0.965 1.149 0.880 0.961 84 | 0.886 0.933 0.938 0.925
35 0.848 0.675 1.091 1.199 85 0.979 0.978 0.982 0.985
36 | 0.967 1.199 1.084 1.047 86 | 0.950 0.838 0.958 0.971
37 | 0.907 0.967 0.940 0.962 87 | 0.958 0.950 0.957 0.953
38 0.997 0.795 1.153 1.180 88 0.943 0.942 0.948 0.946
39 1.122 1.249 1.102 1.089 89 1.068 1.026 1.061 1.064
40 | 0.029 0.906 1.009 1.088 90 | 0.966 0.964 0.972 0.971
41 | 0.939 0.037 1.040 1.017 91 NC NC NC NC
42 | 1.135 1.283 1.166 1.142 92 | 0.920 0.934 0.917 0.934
43 0.979 0.926 0.991 0.991 93 0.923 0.920 0.923 0.926
44 | 0.830 0.011 0.935 1.045 94 NC NC NC NC
45 | 0.048 0.768 1.002 1.012 95 | 0.945 0.949 0.942 0.945
46 1.243 1.444 1.226 1.198 96 0.947 0.973 0.971 0.966
47 0.944 0.967 0.996 1.046 97 1.006 1.018 1.016 1.023
48 | 0.806 0.843 0.940 1.001 98 | 0.944 0.933 0.944 0.949
49 | 1.051 1.092 1.222 1.232 99 NC NC NC NC
50 0.998 0.934 1.007 1.010 100 0.877 0.881 0.885 0.878

NC : Not Considered
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Table A.4.34 Comparison Results of Approximations with respect to ‘MULTI’ Values of

Maximum Top Displacement for Frame ‘F5S7B’

EQ ATC FEMA 75%Vy EQ ATC FEMA 75%Vy
1 1.000 0.960 1.165 51 0.652 1.024 1.121
2 1.000 1.560 1.680 52 1.067 1.029 1.027
3 0.963 1.229 1.281 53 0.977 1.126 1.145
4 0.999 0.997 0.899 54 0.900 1.004 1.080
5 1.087 1.203 1.225 55 0.915 1.082 1.084
6 1.043 0.765 0.718 56 0.945 1.014 1.030
7 1.044 1.344 1.482 57 1.293 1.225 1.137
8 1.128 1.510 1.453 58 NC NC NC
9 1.535 1.124 1.041 59 0.782 1.008 1.074
10 1.370 0.977 0.813 60 0.826 1.132 1.303
11 1.101 1.065 1.024 61 0.911 1.178 1.184
12 1.053 1.315 1.512 62 1.138 1.246 1.256
13 0.935 1.191 1.321 63 0.465 1.175 1.279
14 0.839 1.255 1.358 64 0.839 1.025 1.070
15 1.135 1.053 1.099 65 0.837 0.986 1.106
16 1.018 1.172 1.219 66 1.239 1.517 1.266
17 1.076 1.408 1.553 67 1.065 1.291 1.263
18 1.135 1.198 1.103 68 1.212 1.226 1.165
19 0.757 1.258 1.451 69 1.043 1.236 1.296

20 0.776 1.039 1.166 70 0.760 1.059 1.144

21 0.867 1.259 1.208 71 0.992 1.091 1.022

22 1.000 1.098 1.115 72 1.212 1.014 1.102

23 1.117 1.379 1.390 73 NC NC NC

24 1.130 1.386 1.397 74 0.862 0.954 1.062

25 1.069 1.054 1.221 75 0.713 1.077 1.300

26 0.908 1.163 1.254 76 0.980 1.158 1.339

27 1.063 1.036 1.025 77 0.750 1.153 1.115

28 0.945 0.996 1.099 78 1.036 1.062 1.082

29 1.173 1.108 1.191 79 0.797 0.959 1.020

30 1.121 1.382 1.232 80 NC NC NC

31 0.720 1.323 1.268 81 NC NC NC

32 1.214 1.200 1.258 82 NC NC NC

33 1.023 1.018 1.001 83 1.099 1.152 1.079

34 1.224 0.904 0.996 84 1.182 1.207 1.149

35 0.779 1.341 1.510 85 0.979 1.131 1.220

36 1.336 1.158 1.107 86 0.742 1.038 1.109

37 1.281 1.125 1.245 87 NC NC NC

38 0.744 1.293 1.397 88 0.990 1.130 1.085

39 1.124 0.981 0.968 89 0.684 0.865 0.923

40 0.968 1.124 1.255 90 0.963 1.134 1.119

41 0.997 1.474 1.294 91 NC NC NC

42 1.190 1.036 1.008 92 1.081 0.986 1.083

43 0.794 1.172 1.168 93 0.739 1.013 1.103

44 1.137 1.180 1.429 94 NC NC NC

45 0.699 1.253 1.325 95 1.341 0.902 0.955

46 1.180 0.985 0.961 96 1.907 1.463 1.293

47 1.027 1.062 1.124 97 1.320 1.273 1.501

48 1.053 1.202 1.301 98 0.883 0.985 1.142

49 1.052 1.236 1.251 99 NC NC NC

50 0.772 1.054 1.144 100 1.379 1.210 1.021

NC : Not Considered
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Table A.4.35 Comparison Results of Approximations with respect to ‘MULTI’ Values of

Maximum Inter-story Drift Ratio for Frame ‘F5S7B’

EQ ATC FEMA 75%Vy EQ ATC FEMA 75%Vy
1 1.000 0.960 1.166 51 0.618 1.028 1.139
2 1.000 1.557 1.676 52 1.068 1.030 1.027
3 0.963 1.230 1.282 53 0.977 1.135 1.156
4 0.999 0.997 0.898 54 0.888 1.005 1.093
5 1.087 1.204 1.226 55 0.908 1.094 1.096
6 1.044 0.765 0.717 56 0.946 1.013 1.029
7 1.044 1.346 1.484 57 1.317 1.242 1.146
8 1.129 1.512 1.455 58 NC NC NC
9 1.587 1.136 1.044 59 0.780 1.007 1.072
10 1.403 0.977 0.812 60 0.816 1.147 1.345
11 1.102 1.066 1.024 61 0.905 1.190 1.197
12 1.053 1.316 1.525 62 1.138 1.249 1.259
13 0.930 1.204 1.348 63 0.427 1.178 1.279
14 0.828 1.276 1.396 64 0.817 1.027 1.078
15 1.135 1.053 1.099 65 0.826 0.985 1.116
16 1.018 1.173 1.220 66 1.260 1.546 1.289
17 1.076 1.409 1.560 67 1.065 1.291 1.263
18 1.135 1.198 1.104 68 1.244 1.261 1.190
19 0.741 1.284 1.509 69 1.044 1.236 1.304

20 0.763 1.044 1.192 70 0.757 1.059 1.142

21 0.858 1.282 1.225 71 0.991 1.103 1.025

22 1.000 1.113 1.133 72 1.240 1.016 1.113

23 1.117 1.386 1.397 73 NC NC NC

24 1.131 1.388 1.398 74 0.843 0.948 1.066

25 1.074 1.058 1.241 75 0.710 1.074 1.313

26 0.899 1.188 1.295 76 0.977 1.178 1.393

27 1.071 1.040 1.028 77 0.734 1.159 1.121

28 0.942 0.996 1.106 78 1.036 1.062 1.082

29 1.198 1.125 1.218 79 0.793 0.959 1.020

30 1.121 1.384 1.233 80 NC NC NC

31 0.690 1.376 1.310 81 NC NC NC

32 1.244 1.229 1.295 82 NC NC NC

33 1.024 1.019 1.001 83 1.099 1.150 1.080

34 1.244 0.902 0.995 84 1.209 1.238 1.171

35 0.774 1.372 1.557 85 0.978 1.133 1.223

36 1.381 1.174 1.116 86 0.712 1.043 1.127

37 1.327 1.143 1.284 87 NC NC NC

38 0.722 1.336 1.460 88 0.990 1.127 1.084

39 1.125 0.981 0.968 89 0.668 0.864 0.923

40 0.965 1.143 1.292 90 0.963 1.136 1.121

41 0.996 1.552 1.342 91 NC NC NC

42 1.218 1.041 1.009 92 1.095 0.983 1.097

43 0.768 1.180 1.175 93 0.728 1.014 1.111

44 1.157 1.207 1.498 94 NC NC NC

45 0.666 1.294 1.376 95 1.350 0.902 0.956

46 1.187 0.984 0.960 96 1.945 1.482 1.307

47 1.029 1.067 1.134 97 1.326 1.278 1.508

48 1.058 1.216 1.325 98 0.877 0.984 1.143

49 1.058 1.270 1.287 99 NC NC NC

50 0.744 1.058 1.151 100 1.391 1.210 1.022

NC : Not Considered
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Table A.4.36 Comparison Results of Approximations with respect to ‘MULTI’ Values of

Maximum Base Shear for Frame ‘F5S57B’

EQ ATC FEMA 75%\Vy EQ ATC FEMA 75%\Vy
1 1.000 0.960 1.166 51 0.756 1.009 1.036
2 1.000 1.555 1.670 52 1.002 1.001 1.001
3 0.968 1.199 1.244 53 0.979 1.110 1.127
4 0.999 0.997 0.909 54 0.935 1.002 1.034
5 1.076 1.176 1.195 55 0.933 1.058 1.060
6 1.038 0.790 0.747 56 0.999 1.001 1.002
7 1.040 1.309 1.432 57 1.236 1.184 1.115
8 1.116 1.459 1.408 58 NC NC NC
9 1.428 1.106 1.035 59 0.992 1.001 1.006
10 1.316 0.979 0.826 60 0.853 1.100 1.214
11 1.092 1.059 1.021 61 0.923 1.142 1.147
12 1.049 1.287 1.458 62 1.005 1.010 1.010
13 0.944 1.156 1.253 63 0.771 1.007 1.011
14 0.860 1.201 1.271 64 0.931 1.006 1.020
15 1.118 1.046 1.087 65 0.856 0.988 1.091
16 1.017 1.158 1.200 66 1.024 1.033 1.025
17 1.069 1.370 1.497 67 1.002 1.012 1.010
18 1.124 1.181 1.095 68 1.061 1.064 1.050
19 0.788 1.197 1.322 69 1.003 1.007 1.002

20 0.813 1.029 1.117 70 0.989 1.001 1.004

21 0.885 1.202 1.165 71 0.997 1.025 1.007

22 1.000 1.068 1.080 72 1.127 1.010 1.070

23 1.107 1.343 1.352 73 NC NC NC

24 1.116 1.341 1.350 74 0.969 0.990 1.006

25 1.061 1.048 1.190 75 0.987 1.004 0.999

26 0.936 1.074 1.098 76 0.986 1.105 1.180

27 1.046 1.026 1.018 77 0.993 1.016 1.014

28 0.954 0.997 1.080 78 1.002 1.001 1.003

29 1.119 1.075 1.130 79 0.988 0.997 1.001

30 1.106 1.333 1.203 80 NC NC NC

31 0.809 1.081 1.073 81 NC NC NC

32 1.148 1.140 1.177 82 NC NC NC

33 1.020 1.016 1.001 83 1.003 1.007 1.001

34 1.191 0.912 0.996 84 1.053 1.059 1.045

35 0.796 1.286 1.413 85 0.999 1.003 1.006

36 1.241 1.122 1.084 86 0.883 1.009 1.022

37 1.067 1.037 1.061 87 NC NC NC

38 0.798 1.157 1.184 88 0.999 1.006 1.003

39 1.114 0.982 0.971 89 0.961 0.994 0.996

40 0.976 1.086 1.172 90 0.998 1.006 1.005

41 0.999 1.108 1.083 91 NC NC NC

42 1.130 1.026 1.006 92 1.015 0.997 1.016

43 0.946 1.012 1.012 93 0.997 1.000 1.003

a4 1.097 1.126 1.259 94 NC NC NC

45 0.810 1.057 1.068 95 1.004 0.997 1.000

46 1.161 0.986 0.964 96 1.027 1.026 1.020

47 1.024 1.055 1.108 97 1.011 1.010 1.017

48 1.046 1.167 1.242 98 0.989 0.999 1.005

49 1.039 1.163 1.173 99 NC NC NC

50 0.936 1.009 1.012 100 1.005 1.010 1.002

NC : Not Considered

164




Table A.4.37 Comparison Results of Approximations with respect to ‘EXACT’ Values of

Maximum Top Displacement for Frame ‘F8S3B’

EQ MULTI ATC FEMA 75%Vy EQ MULTI ATC FEMA 75%Vy
1 0.981 0.981 1.179 1.191 51 1.030 0.846 1.068 1.085
2 0.996 0.996 1.332 1.352 52 0.817 0.607 0.841 0.888
3 0.971 0.969 1.015 1.018 53 0.933 0.881 1.086 1.093
4 0.992 0.992 1.034 1.027 54 1.022 0.865 0.934 0.944
5 0.922 0.921 1.411 1.427 55 0.994 0.843 1.028 1.071
6 0.781 0.788 1.100 1.150 56 0.875 0.769 1.002 1.027
7 0.913 0.934 0.931 0.926 57 0.878 0.803 1.077 1.090
8 0.808 0.947 1.005 0.973 58 0.986 0.713 0.977 1.045
9 0.814 0.847 0.954 0.969 59 1.018 0.957 1.119 1.135
10 0.895 0.881 0.834 0.808 60 0.931 1.116 1.002 1.001
11 0.962 0.904 1.100 1.117 61 0.980 1.084 0.992 0.978
12 0.725 0.623 0.977 1.020 62 0.755 0.806 0.878 0.875
13 0.985 1.329 0.976 0.948 63 0.916 1.212 1.069 1.048
14 0.809 0.779 0.977 1.014 64 0.914 0.675 0.839 0.857
15 0.734 0.940 1.239 1.294 65 0.986 0.926 1.129 1.138
16 0.908 0.757 1.063 1.088 66 0.797 0.638 0.894 0.916
17 0.816 0.773 1.021 1.028 67 0.926 0.977 1.066 1.058
18 0.842 0.955 0.932 0.922 68 0.990 0.736 1.104 1.133
19 0.813 0.874 0.806 0.841 69 0.961 0.963 1.016 1.034
20 1.038 0.803 0.966 0.981 70 1.014 1.043 1.169 1.139
21 0.827 0.973 0.929 0.920 71 0.782 0.912 0.919 0.940
22 1.003 0.910 1.148 1.150 72 0.919 0.892 1.061 1.075
23 0.913 0.892 1.127 1.136 73 0.958 0.776 1.033 1.051
24 0.844 0.932 1.003 1.053 74 1.004 1.006 1.177 1.162
25 0.877 0.743 0.964 0.980 75 1.198 1.247 1.636 1.554
26 0.837 0.959 0.996 0.992 76 0.924 1.072 1.081 1.072
27 0.892 0.869 1.001 1.010 77 NC NC NC NC

28 0.976 0.889 1.073 1.080 78 0.892 0.838 1.026 1.050
29 0.913 0.664 0.986 0.997 79 0.883 0.929 0.892 0.897
30 0.971 0.971 0.821 0.822 80 0.969 1.137 1.037 1.047
31 1.031 1.102 1.224 1.202 81 1.116 1.002 1.261 1.279
32 0.935 0.715 1.065 1.045 82 NC NC NC NC

33 0.969 0.956 0.921 0.946 83 0.872 0.915 0.888 0.886
34 0.891 0.990 0.953 0.952 84 0.857 0.773 1.008 0.994
35 0.812 0.583 0.983 1.009 85 1.056 1.122 1.194 1.161
36 0.894 0.872 0.945 0.948 86 0.981 1.047 0.999 0.996
37 0.816 0.705 0.918 0.944 87 1.030 0.975 1.015 1.019
38 0.908 0.911 1.024 1.028 88 0.989 0.773 0.965 0.994
39 0.972 1.050 1.084 1.072 89 1.181 0.967 1.195 1.218
40 0.921 0.711 0.953 0.976 90 0.840 0.957 0.941 0.943
41 0.935 0.795 1.050 1.040 91 0.888 0.990 0.871 0.861
42 0.800 0.767 0.902 0.894 92 1.000 0.993 1.026 1.032
43 0.906 0.709 0.911 0.929 93 1.023 1.215 1.047 1.067
44 0.989 0.913 1.092 1.087 94 0.934 0.761 1.163 1.199
45 0.988 0.874 1.075 1.106 95 1.205 1.381 1.236 1.202
46 0.889 0.774 0.953 0.965 96 0.924 1.022 0.936 0.959
47 0.849 0.709 0.992 1.011 97 0.635 0.794 0.744 0.741
48 0.873 0.713 0.922 0.946 98 0.579 0.606 0.531 0.560
49 0.938 0.823 0.928 0.938 99 0.999 1.010 0.992 0.991
50 0.951 0.988 1.037 1.023 100 NC NC NC NC

NC : Not Considered
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Table A.4.38 Comparison Results of Approximations with respect to ‘EXACT’ Values of
Maximum Inter-story Drift Ratio for Frame ‘F8S3B’

EQ MULTI ATC FEMA 75%Vy EQ MULTI ATC FEMA 75%Vy
1 0.931 0.931 1.115 1.127 51 1.013 0.811 1.055 1.073
2 0.785 0.786 1.044 1.059 52 0.659 0.476 0.683 0.729
3 0.922 0.920 0.964 0.967 53 0.919 0.869 1.068 1.075
4 0.751 0.751 0.782 0.778 54 1.049 0.859 0.944 0.955
5 0.829 0.829 1.277 1.292 55 0.924 0.759 0.961 1.007
6 0.507 0.511 0.717 0.750 56 0.755 0.653 0.874 0.896
7 0.752 0.769 0.767 0.763 57 0.866 0.787 1.116 1.131
8 0.804 0.942 0.998 0.967 58 0.899 0.621 0.890 0.956
9 0.792 0.824 0.927 0.942 59 1.058 1.004 1.146 1.160
10 0.740 0.729 0.690 0.668 60 0.851 1.018 0.916 0.915
11 0.993 0.933 1.135 1.153 61 1.005 1.136 1.021 1.003
12 0.732 0.629 0.984 1.028 62 0.686 0.731 0.800 0.797
13 0.839 1.130 0.832 0.808 63 0.787 1.073 0.936 0.917
14 0.796 0.766 0.958 0.994 64 0.950 0.680 0.867 0.887
15 0.713 0.913 1.202 1.256 65 0.894 0.840 1.027 1.036
16 0.912 0.762 1.067 1.091 66 0.576 0.452 0.663 0.683
17 0.795 0.754 0.991 0.997 67 0.792 0.844 0.931 0.924
18 0.764 0.866 0.845 0.836 68 0.981 0.706 1.098 1.127
19 0.828 0.887 0.821 0.855 69 0.893 0.895 0.947 0.965
20 1.054 0.823 0.989 1.003 70 1.037 1.067 1.200 1.169
21 0.807 0.949 0.906 0.898 71 0.627 0.730 0.736 0.753
22 0.979 0.870 1.157 1.158 72 0.798 0.772 0.935 0.948
23 0.917 0.896 1.130 1.139 73 0.932 0.767 0.995 1.010
24 0.830 0.916 0.985 1.034 74 0.666 0.668 0.814 0.801
25 0.815 0.691 0.895 0.908 75 0.927 0.966 1.246 1.190
26 0.708 0.839 0.879 0.875 76 0.784 0.941 0.951 0.942
27 0.902 0.879 1.011 1.020 77 NC NC NC NC

28 0.929 0.844 1.017 1.023 78 0.824 0.768 0.964 0.988
29 0.869 0.613 0.942 0.952 79 0.639 0.671 0.645 0.649
30 0.330 0.330 0.280 0.280 80 0.743 0.874 0.798 0.805
31 1.021 1.112 1.264 1.237 81 0.757 0.691 0.840 0.850
32 0.796 0.576 0.923 0.903 82 NC NC NC NC

33 0.494 0.487 0.469 0.482 83 0.574 0.607 0.585 0.584
34 0.807 0.896 0.863 0.862 84 0.597 0.539 0.706 0.695
35 0.752 0.541 0.909 0.933 85 0.771 0.826 0.887 0.859
36 0.837 0.817 0.884 0.887 86 0.865 0.930 0.882 0.880
37 0.762 0.639 0.874 0.901 87 0.929 0.882 0.916 0.920
38 0.782 0.785 0.885 0.888 88 1.023 0.791 0.998 1.028
39 0.328 0.355 0.366 0.362 89 1.070 0.869 1.082 1.102
40 0.949 0.740 0.979 1.001 90 0.808 0.941 0.923 0.925
41 0.839 0.690 0.960 0.950 91 0.707 0.780 0.694 0.686
42 0.410 0.394 0.462 0.458 92 0.901 0.893 0.927 0.933
43 0.817 0.606 0.823 0.841 93 0.733 0.889 0.753 0.769
44 0.907 0.829 1.015 1.009 94 0.885 0.720 1.073 1.102
45 1.005 0.874 1.104 1.139 95 1.110 1.245 1.134 1.107
46 0.544 0.475 0.584 0.591 96 0.646 0.733 0.656 0.675
47 0.840 0.703 0.999 1.025 97 0.593 0.767 0.714 0.711
48 0.873 0.708 0.938 0.969 98 0.531 0.558 0.482 0.512
49 0.912 0.802 0.903 0.912 99 0.765 0.774 0.759 0.758
50 0.941 0.982 1.037 1.022 100 NC NC NC NC

NC : Not Considered
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Table A.4.39 Comparison Results of Approximations with respect to ‘EXACT’ Values of

Maximum Base Shear for Frame ‘F8S3B’

EQ MULTI ATC FEMA 75%Vy EQ MULTI ATC FEMA 75%Vy
1 0.976 0.976 1.178 1.191 51 | 0.782 0.746 0.789 0.792
2 0.822 0.822 1.110 1.127 52 0.709 0.576 0.715 0.727
3 1.124 1.123 1.169 1.172 53 | 0.759 0.720 0.873 0.878
4 0.636 0.636 0.663 0.659 54 | 0.887 0.847 0.867 0.869
5 0.896 0.896 1.327 1.341 55 0.931 0.890 0.938 0.948
6 0.633 0.638 0.861 0.896 56 | 0.879 0.853 0.906 0.910
7 0.897 0.915 0.913 0.909 57 | 0.836 0.786 0.894 0.897
8 0.756 0.875 0.923 0.897 58 | 0.957 0.885 0.955 0.969
9 0.786 0.816 0.911 0.925 59 0.899 0.895 0.906 0.907
10 1.083 1.067 1.016 0.988 60 0.975 1.154 1.044 1.043
11| 0.777 0.735 0.876 0.888 61 | 0.903 0.931 0.906 0.902
12 0.701 0.609 0.925 0.964 62 0.736 0.780 0.830 0.829
13 1.295 1.706 1.284 1.251 63 0.811 0.865 0.841 0.837
14 | 0.724 0.698 0.860 0.886 64 | 0.834 0.778 0.819 0.822
15 | 0.811 1.012 1.296 1.348 65 | 0.708 0.667 0.784 0.788
16 | 0.694 0.587 0.803 0.820 66 | 0.792 0.681 0.820 0.826
17 0.961 0.914 1.179 1.186 67 0.738 0.748 0.764 0.762
18 | 0.754 0.844 0.825 0.817 68 | 0.802 0.749 0.820 0.824
19 | 0.846 0.898 0.839 0.870 69 | 0.829 0.829 0.839 0.842
20 0.888 0.852 0.880 0.882 70 0.832 0.837 0.856 0.852
21 | 0.797 0.928 0.889 0.881 71 | 0.700 0.808 0.814 0.831
22 | 0.826 0.785 0.861 0.861 72 | 0945 0.038 0.977 0.979
23 | 0973 0.953 1.181 1.189 73 | 0.992 0.963 1.000 1.002
24 0.764 0.835 0.892 0.933 74 0.897 0.897 0.947 0.943
25 | 0.985 0.844 1.076 1.090 75 | 0.942 0.950 0.089 0.083
26 | 0.887 0.927 0.937 0.936 76 | 0.923 0.088 0.991 0.089
27 0.758 0.739 0.844 0.851 77 NC NC NC NC
28 | 00911 0.895 0.925 0.926 78 | 0.738 0.727 0.762 0.766
29 | 0941 0.875 0.955 0.957 79 | 0.997 1.039 1.005 1.010
30 | 0432 0.432 0.368 0.368 80 | 0.783 0.807 0.794 0.795
31 0.845 0.867 0.895 0.890 81 0.827 0.821 0.834 0.835
32 0.959 0.889 0.989 0.985 82 NC NC NC NC
33 | 0.717 0.708 0.685 0.702 83 | 0.923 0.934 0.927 0.926
34 | 0.908 1.001 0.966 0.966 84 | 0.787 0.715 0.890 0.883
35 0.684 0.504 0.817 0.837 85 0.744 0.755 0.766 0.761
36 | 0.838 0.819 0.883 0.885 86 | 1.067 1.083 1.071 1.071
37 | 0.863 0.827 0.888 0.894 87 | 0.790 0.783 0.788 0.789
38 0.886 0.889 0.971 0.973 88 0.819 0.778 0.815 0.820
39 0.440 0.472 0.485 0.481 89 0.846 0.813 0.848 0.851

40 | 0874 0.837 0.878 0.880 90 | 0.742 0.767 0.764 0.764

41 | 1.077 1.028 1.108 1.105 91 | 0.839 0.850 0.836 0.834

42 | 0.466 0.449 0.520 0.515 92 | 0.784 0.782 0.789 0.789

43 0.982 0.914 0.983 0.988 93 0.918 0.956 0.923 0.927

44 | 0.881 0.864 0.901 0.900 94 | 0.735 0.708 0.753 0.756

45 | 00912 0.886 0.930 0.936 95 | 0.905 0.916 0.907 0.905

46 0.710 0.627 0.756 0.765 96 0.820 0.854 0.826 0.836

47 | 0.773 0.655 0.854 0.859 97 | 0.666 0.704 0.694 0.693

48 | 0.713 0.609 0.727 0.733 98 | 0.680 0.687 0.666 0.675

49 | 0.787 0.699 0.781 0.788 99 | 0.761 0.763 0.760 0.760
50 0.955 0.964 0.975 0.972 100 NC NC NC NC

NC : Not Considered
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Table A.4.40 Comparison Results of Approximations with respect to ‘MULTI’ Values of

Maximum Top Displacement for Frame ‘F8S3B’

EQ ATC FEMA 75%Vy EQ ATC FEMA 75%Vy
1 1.000 1.202 1.214 51 0.822 1.037 1.053
2 1.000 1.338 1.358 52 0.742 1.029 1.087
3 0.999 1.046 1.048 53 0.945 1.164 1.172
4 1.000 1.042 1.035 54 0.846 0.914 0.923
5 1.000 1.531 1.548 55 0.848 1.034 1.077
6 1.009 1.408 1.472 56 0.879 1.145 1.174
7 1.023 1.019 1.015 57 0.915 1.227 1.241
8 1.172 1.243 1.204 58 0.723 0.991 1.060
9 1.041 1.172 1.191 59 0.940 1.099 1.115
10 0.984 0.932 0.902 60 1.199 1.077 1.076
11 0.940 1.143 1.161 61 1.106 1.012 0.998
12 0.859 1.347 1.407 62 1.068 1.163 1.159
13 1.350 0.991 0.963 63 1.323 1.167 1.144
14 0.962 1.207 1.253 64 0.738 0.918 0.937
15 1.282 1.689 1.764 65 0.939 1.145 1.153
16 0.834 1.171 1.198 66 0.801 1.122 1.150
17 0.948 1.251 1.260 67 1.056 1.151 1.143
18 1.134 1.107 1.095 68 0.743 1.115 1.145
19 1.075 0.991 1.034 69 1.002 1.057 1.077

20 0.773 0.931 0.946 70 1.028 1.153 1.123

21 1.177 1.123 1.113 71 1.166 1.175 1.202

22 0.908 1.145 1.146 72 0.971 1.155 1.170

23 0.977 1.235 1.244 73 0.810 1.078 1.097

24 1.104 1.188 1.248 74 1.002 1.173 1.157

25 0.847 1.100 1.117 75 1.041 1.365 1.297
26 1.145 1.190 1.185 76 1.159 1.169 1.160
27 0.974 1.122 1.132 77 NC NC NC
28 0.911 1.099 1.106 78 0.939 1.150 1.177
29 0.727 1.081 1.092 79 1.053 1.011 1.016
30 1.000 0.845 0.846 80 1.174 1.071 1.080
31 1.068 1.186 1.165 81 0.898 1.130 1.145
32 0.765 1.140 1.119 82 NC NC NC
33 0.986 0.950 0.976 83 1.049 1.017 1.016
34 1.110 1.069 1.068 84 0.903 1.176 1.160
35 0.718 1.210 1.242 85 1.062 1.131 1.099
36 0.976 1.057 1.061 86 1.067 1.018 1.016
37 0.864 1.125 1.157 87 0.947 0.986 0.990
38 1.004 1.128 1.132 88 0.782 0.976 1.005
39 1.081 1.116 1.103 89 0.818 1.012 1.031

40 0.772 1.035 1.060 90 1.140 1.120 1.122

41 0.851 1.123 1.113 91 1.114 0.980 0.969

42 0.959 1.128 1.118 92 0.993 1.026 1.032

43 0.783 1.006 1.025 93 1.188 1.024 1.043

44 0.924 1.105 1.100 94 0.815 1.245 1.284

45 0.885 1.088 1.120 95 1.146 1.026 0.998

46 0.871 1.072 1.086 96 1.106 1.013 1.038

47 0.835 1.168 1.191 97 1.249 1.172 1.167

48 0.817 1.057 1.084 98 1.046 0.916 0.967

49 0.878 0.990 1.001 99 1.011 0.993 0.992
50 1.038 1.090 1.076 100 NC NC NC

NC : Not Considered
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Table A.4.41 Comparison Results of Approximations with respect to ‘MULTI’ Values of

Maximum Inter-story Drift Ratio for Frame ‘F8S3B’

EQ ATC FEMA 75%Vy EQ ATC FEMA 75%Vy
1 1.000 1.198 1.210 51 0.801 1.042 1.059
2 1.000 1.329 1.349 52 0.723 1.036 1.107
3 0.999 1.046 1.049 53 0.945 1.162 1.169
4 1.000 1.042 1.035 54 0.819 0.900 0.910
5 1.000 1.540 1.558 55 0.821 1.039 1.089
6 1.009 1.415 1.480 56 0.865 1.157 1.187
7 1.023 1.019 1.015 57 0.909 1.289 1.307
8 1.170 1.241 1.203 58 0.692 0.990 1.064
9 1.041 1.171 1.190 59 0.949 1.083 1.096
10 0.984 0.932 0.903 60 1.197 1.076 1.076
11 0.940 1.143 1.161 61 1.130 1.015 0.998
12 0.860 1.345 1.405 62 1.065 1.166 1.161
13 1.347 0.991 0.963 63 1.364 1.190 1.165
14 0.962 1.203 1.247 64 0.716 0.913 0.933
15 1.282 1.687 1.762 65 0.939 1.149 1.158
16 0.835 1.170 1.196 66 0.785 1.152 1.186
17 0.948 1.246 1.254 67 1.065 1.176 1.166
18 1.134 1.106 1.094 68 0.720 1.119 1.149
19 1.071 0.991 1.032 69 1.002 1.061 1.081

20 0.781 0.938 0.952 70 1.029 1.157 1.127

21 1.176 1.122 1.112 71 1.165 1.174 1.201

22 0.889 1.181 1.183 72 0.968 1.172 1.189

23 0.977 1.233 1.243 73 0.823 1.068 1.084

24 1.104 1.187 1.246 74 1.002 1.221 1.202

25 0.848 1.099 1.115 75 1.042 1.345 1.284
26 1.187 1.242 1.236 76 1.200 1.213 1.201
27 0.974 1.121 1.131 77 NC NC NC
28 0.908 1.095 1.101 78 0.931 1.169 1.198
29 0.705 1.083 1.095 79 1.050 1.010 1.015
30 1.000 0.847 0.849 80 1.176 1.073 1.083
31 1.089 1.238 1.212 81 0.913 1.110 1.123
32 0.723 1.159 1.135 82 NC NC NC
33 0.986 0.950 0.976 83 1.058 1.021 1.019
34 1.110 1.068 1.068 84 0.903 1.182 1.164
35 0.719 1.209 1.241 85 1.071 1.149 1.113
36 0.976 1.057 1.060 86 1.075 1.020 1.018
37 0.838 1.147 1.183 87 0.949 0.986 0.991
38 1.003 1.131 1.135 88 0.773 0.976 1.005
39 1.081 1.116 1.104 89 0.813 1.011 1.030

40 0.779 1.032 1.054 90 1.164 1.141 1.144

41 0.823 1.144 1.132 91 1.102 0.981 0.970

42 0.959 1.127 1.117 92 0.992 1.030 1.036

43 0.742 1.007 1.030 93 1.214 1.027 1.049

44 0.914 1.118 1.112 94 0.814 1.213 1.245

45 0.870 1.099 1.133 95 1.122 1.022 0.998

46 0.872 1.072 1.086 96 1.135 1.014 1.045

47 0.836 1.189 1.220 97 1.295 1.204 1.199

48 0.812 1.075 1.110 98 1.051 0.907 0.964

49 0.880 0.991 1.001 99 1.013 0.992 0.991
50 1.043 1.102 1.085 100 NC NC NC

NC : Not Considered
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Table A.4.42 Comparison Results of Approximations with respect to ‘MULTI” Values of

Maximum Base Shear for Frame ‘F8S3B’

EQ ATC FEMA 75%\Vy EQ ATC FEMA 75%\Vy
1 1.000 1.207 1.220 51 0.954 1.009 1.012
2 1.000 1.350 1.371 52 0.813 1.009 1.026
3 0.999 1.040 1.043 53 0.948 1.151 1.158
4 1.000 1.042 1.035 54 0.955 0.978 0.980
5 1.000 1.481 1.497 55 0.956 1.008 1.018
6 1.008 1.361 1.416 56 0.970 1.030 1.035
7 1.020 1.017 1.013 57 0.940 1.069 1.072
8 1.156 1.220 1.186 58 0.925 0.998 1.013
9 1.038 1.159 1.177 59 0.995 1.007 1.008
10 0.986 0.939 0.912 60 1.183 1.071 1.070
11 0.946 1.127 1.143 61 1.031 1.004 0.999
12 0.869 1.320 1.375 62 1.059 1.128 1.125
13 1.317 0.992 0.966 63 1.067 1.037 1.033
14 0.964 1.187 1.223 64 0.933 0.982 0.986
15 1.247 1.508 1.662 65 0.943 1.108 1.113
16 0.846 1.158 1.182 66 0.860 1.036 1.043
17 0.951 1.227 1.233 67 1.013 1.035 1.033
18 1.120 1.095 1.085 68 0.934 1.022 1.027
19 1.062 0.992 1.028 69 1.000 1.012 1.016

20 0.959 0.991 0.993 70 1.006 1.029 1.024

21 1.164 1.115 1.105 71 1.154 1.163 1.187

22 0.951 1.042 1.043 72 0.993 1.034 1.037

23 0.979 1.213 1.222 73 0.971 1.008 1.010

24 1.094 1.169 1.222 74 1.001 1.056 1.052

25 0.856 1.092 1.107 75 1.008 1.049 1.043
26 1.046 1.057 1.056 76 1.071 1.074 1.071
27 0.976 1.113 1.123 77 NC NC NC
28 0.982 1.015 1.016 78 0.985 1.033 1.038
29 0.930 1.016 1.018 79 1.043 1.009 1.013
30 1.000 0.851 0.852 80 1.031 1.014 1.016
31 1.025 1.058 1.053 81 0.992 1.009 1.010
32 0.927 1.032 1.027 82 NC NC NC
33 0.988 0.956 0.979 83 1.012 1.004 1.004
34 1.102 1.063 1.063 84 0.909 1.131 1.123
35 0.736 1.195 1.224 85 1.015 1.030 1.023
36 0.977 1.054 1.057 86 1.015 1.004 1.004
37 0.959 1.029 1.036 87 0.991 0.998 0.998
38 1.003 1.096 1.099 88 0.951 0.996 1.001
39 1.072 1.102 1.092 89 0.960 1.002 1.005

40 0.958 1.004 1.007 90 1.033 1.028 1.029

41 0.955 1.029 1.027 91 1.014 0.997 0.995

42 0.963 1.116 1.106 92 0.998 1.006 1.007

43 0.931 1.002 1.006 93 1.042 1.006 1.010

44 0.981 1.024 1.023 94 0.963 1.025 1.028

45 0.971 1.020 1.027 95 1.012 1.002 1.000

46 0.883 1.065 1.078 96 1.043 1.008 1.020

47 0.846 1.104 1.111 97 1.057 1.041 1.040

48 0.855 1.020 1.029 98 1.010 0.980 0.992

49 0.888 0.992 1.001 99 1.003 0.998 0.998
50 1.009 1.021 1.017 100 NC NC NC

NC : Not Considered
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Figure A.5.1 Comparison of Approximate Results with respect to ‘EXACT’ and ‘MULTI’

Values of Maximum Top Displacement for Frame ‘F2S2B’
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Figure A.5.2 Comparison of Approximate Results with respect to ‘EXACT’ and ‘MULTI’

Values of Maximum Top Displacement for Frame ‘F2S2B2’
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Figure A.5.3 Comparison of Approximate Results with respect to ‘EXACT’ and ‘MULTI’

Values of Maximum Top Displacement for Frame ‘F3S2B’
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Figure A.5.4 Comparison of Approximate Results with respect to ‘EXACT’ and ‘MULTI’

Values of Maximum Top Displacement for Frame ‘F5S2B’
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Figure A.5.5 Comparison of Approximate Results with respect to ‘EXACT’ and ‘MULTI’

Values of Maximum Top Displacement for Frame ‘F5S4B’
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Figure A.5.6 Comparison of Approximate Results with respect to ‘EXACT’ and ‘MULTI’

Values of Maximum Top Displacement for Frame ‘F5S7B’
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Figure A.5.7 Comparison of Approximate Results with respect to ‘EXACT’ and ‘MULTI’

Values of Maximum Top Displacement for Frame ‘F8S3B’
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Figure A.5.8 Comparison of Approximate Results with respect to ‘EXACT’ and ‘MULTI’
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Figure A.5.9 Comparison of Approximate Results with respect to ‘EXACT’ and ‘MULTI’
Values of Maximum Inter-Story Drift Ratio for Frame ‘F2S2B2’
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Figure A.5.10 Comparison of Approximate Results with respect to ‘EXACT’ and

‘MULTI’ Values of Maximum Inter-Story Drift Ratio for Frame ‘F3S2B’
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Figure A.5.11 Comparison of Approximate Results with respect to ‘EXACT’ and
‘MULTI’ Values of Maximum Inter-Story Drift Ratio for Frame ‘F5S2B’
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Figure A.5.14 Comparison of Approximate Results with respect to ‘EXACT’ and
‘MULTI’ Values of Maximum Inter-Story Drift Ratio for Frame ‘F8S3B’
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Figure A.5.15 Comparison of Approximate Results with respect to ‘EXACT’ and
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Figure A.5.16 Comparison of Approximate Results with respect to ‘EXACT’ and
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Figure A.5.17 Comparison of Approximate Results with respect to ‘EXACT’ and
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Figure A.5.18 Comparison of Approximate Results with respect to ‘EXACT’ and
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Figure A.5.19 Comparison of Approximate Results with respect to ‘EXACT’ and
‘MULTI” Values of Maximum Base Shear for Frame ‘F554B’
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Figure A.5.20 Comparison of Approximate Results with respect to ‘EXACT’ and
‘MULTI” Values of Maximum Base Shear for Frame ‘F557B’

191



Base Shear (kN) (FEMA) Base Shear (kN) (MULTI)

Base Shear (kN) (ATC)

Figure A.5.21 Comparison of Approximate Results with respect to ‘EXACT’ and
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A.6 DRIFT-WISE COMPARISON GRAPHS
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Figure A.6.1 Comparison of Approximations with respect to ‘EXACT’ Values of
Maximum Top Displacement at Specified Global Roof Drifts for Frame ‘F2S2B’
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Figure A.6.2 Comparison of Approximations with respect to ‘EXACT’ Values of
Maximum Top Displacement at Specified Global Roof Drifts for Frame ‘F252B2’
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Figure A.6.3 Comparison of Approximations with respect to ‘EXACT’ Values of
Maximum Top Displacement at Specified Global Roof Drifts for Frame ‘F3S2B’
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Figure A.6.4 Comparison of Approximations with respect to ‘EXACT’ Values of
Maximum Top Displacement at Specified Global Roof Drifts for Frame ‘F552B’
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Figure A.6.5 Comparison of Approximations with respect to ‘EXACT’ Values of
Maximum Top Displacement at Specified Global Roof Drifts for Frame ‘F554B’
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Figure A.6.6 Comparison of Approximations with respect to ‘EXACT’ Values of

Maximum Top Displacement at Specified Global Roof Drifts for Frame ‘F557B’
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Figure A.6.7 Comparison of Approximations with respect to ‘EXACT’ Values of

Maximum Top Displacement at Specified Global Roof Drifts for Frame ‘F8S3B’
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Figure A.6.8 Comparison of Approximations with respect to ‘EXACT’ Values of
Maximum Inter-Story Drift Ratio at Specified Global Roof Drifts for Frame ‘F2S2B’
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Figure A.6.9 Comparison of Approximations with respect to ‘EXACT’ Values of
Maximum Inter-Story Drift Ratio at Specified Global Roof Drifts for Frame ‘F2S2B2’
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Figure A.6.10 Comparison of Approximations with respect to ‘EXACT’ Values of
Maximum Inter-Story Drift Ratio at Specified Global Roof Drifts for Frame ‘F3S2B’

2.00
F552B 0175%Vy
OFEMA
3 EATC
£ 150 | ] M EMULTI
0 T
9 | ||
Y
\;< 1.00 T === T lu_
e | |
g ﬁ%J ] il
- I i il
9 |
= 0.50 |
0.00

0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00
Roof Drift (%)

Figure A.6.11 Comparison of Approximations with respect to ‘EXACT’ Values of
Maximum Inter-Story Drift Ratio at Specified Global Roof Drifts for Frame ‘F552B’
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Figure A.6.12 Comparison of Approximations with respect to ‘EXACT’ Values of
Maximum Inter-Story Drift Ratio at Specified Global Roof Drifts for Frame ‘F5S4B’
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Figure A.6.13 Comparison of Approximations with respect to ‘EXACT’ Values of
Maximum Inter-Story Drift Ratio at Specified Global Roof Drifts for Frame ‘F557B’
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Figure A.6.14 Comparison of Approximations with respect to ‘EXACT’ Values of
Maximum Inter-Story Drift Ratio at Specified Global Roof Drifts for Frame ‘F8S3B’
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Figure A.6.15 Comparison of Approximations with respect to ‘EXACT’ Values of
Maximum Base Shear at Specified Global Roof Drifts for Frame ‘F2S2B’
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Figure A.6.16 Comparison of Approximations with respect to ‘EXACT’ Values of
Maximum Base Shear at Specified Global Roof Drifts for Frame ‘F2S2B2’
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Figure A.6.17 Comparison of Approximations with respect to ‘EXACT’ Values of
Maximum Base Shear at Specified Global Roof Drifts for Frame ‘F3S2B’
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Figure A.6.18 Comparison of Approximations with respect to ‘EXACT’ Values of
Maximum Base Shear at Specified Global Roof Drifts for Frame ‘F5S2B’
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Figure A.6.19 Comparison of Approximations with respect to ‘EXACT’ Values of
Maximum Base Shear at Specified Global Roof Drifts for Frame ‘F554B’
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Figure A.6.20 Comparison of Approximations with respect to ‘EXACT’ Values of
Maximum Base Shear at Specified Global Roof Drifts for Frame ‘F5S7B’
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Figure A.6.21 Comparison of Approximations with respect to ‘EXACT’ Values of
Maximum Base Shear at Specified Global Roof Drifts for Frame ‘F8S3B’
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Figure A.6.22 Comparison of Approximations with respect to “MULTI’ Values of
Maximum Top Displacement at Specified Global Roof Drifts for Frame ‘F252B’
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Figure A.6.23 Comparison of Approximations with respect to ‘MULTI’ Values of
Maximum Top Displacement at Specified Global Roof Drifts for Frame ‘F2S2B2’
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Figure A.6.24 Comparison of Approximations with respect to “MULTI’ Values of
Maximum Top Displacement at Specified Global Roof Drifts for Frame ‘F352B’
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Figure A.6.25 Comparison of Approximations with respect to ‘“MULTI’ Values of
Maximum Top Displacement at Specified Global Roof Drifts for Frame ‘F552B’

205



2.00

F554B 075%Vy
OFEMA
OATC
1.50
E
<
5 1.00 1 qjll mll [FTT i
g
<
0.50
0.00

0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00
Roof Drift (%)

Figure A.6.26 Comparison of Approximations with respect to “MULTI’ Values of
Maximum Top Displacement at Specified Global Roof Drifts for Frame ‘F554B’
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Figure A.6.27 Comparison of Approximations with respect to ‘“MULTI’ Values of
Maximum Top Displacement at Specified Global Roof Drifts for Frame ‘F557B’
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Figure A.6.28 Comparison of Approximations with respect to “MULTI’ Values of
Maximum Top Displacement at Specified Global Roof Drifts for Frame ‘F8S3B’
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Figure A.6.29 Comparison of Approximations with respect to ‘MULTI’ Values of
Maximum Inter-Story Drift Ratio at Specified Global Roof Drifts for Frame ‘F2S2B’
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Figure A.6.30 Comparison of Approximations with respect to “MULTI’ Values of
Maximum Inter-Story Drift Ratio at Specified Global Roof Drifts for Frame ‘F252B2’
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Figure A.6.31 Comparison of Approximations with respect to ‘MULTI’ Values of
Maximum Inter-Story Drift Ratio at Specified Global Roof Drifts for Frame ‘F3S2B’
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Figure A.6.32 Comparison of Approximations with respect to “MULTI’ Values of
Maximum Inter-Story Drift Ratio at Specified Global Roof Drifts for Frame ‘F5S2B’
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Figure A.6.33 Comparison of Approximations with respect to ‘MULTI’ Values of
Maximum Inter-Story Drift Ratio at Specified Global Roof Drifts for Frame ‘F554B’
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Figure A.6.34 Comparison of Approximations with respect to “MULTI’ Values of
Maximum Inter-Story Drift Ratio at Specified Global Roof Drifts for Frame ‘F5S7B’
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Figure A.6.35 Comparison of Approximations with respect to ‘“MULTI’ Values of
Maximum Inter-Story Drift Ratio at Specified Global Roof Drifts for Frame ‘F8S3B’
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Figure A.6.36 Comparison of Approximations with respect to “MULTI’ Values of
Maximum Base Shear at Specified Global Roof Drifts for Frame ‘F2S2B’
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Figure A.6.37 Comparison of Approximations with respect to ‘MULTI’ Values of
Maximum Base Shear at Specified Global Roof Drifts for Frame ‘F2S2B2’
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Figure A.6.38 Comparison of Approximations with respect to “MULTI’ Values of
Maximum Base Shear at Specified Global Roof Drifts for Frame ‘F3S2B’

2.00
F552B 075%\Vy
T OFEMA
OATC
1.50 -
E
>
™ 1.00 |HHHH o 2 S S
x I
g q]
>
0.50 ~
0.00

0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00
Roof Drift (%)

Figure A.6.39 Comparison of Approximations with respect to ‘“MULTI’ Values of
Maximum Base Shear at Specified Global Roof Drifts for Frame ‘F552B’
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Figure A.6.40 Comparison of Approximations with respect to “MULTI’ Values of
Maximum Base Shear at Specified Global Roof Drifts for Frame ‘F5S4B’
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Figure A.6.41 Comparison of Approximations with respect to ‘MULTI’ Values of
Maximum Base Shear at Specified Global Roof Drifts for Frame ‘F5S57B’
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Figure A.6.42 Comparison of Approximations with respect to “MULTI’ Values of
Maximum Base Shear at Specified Global Roof Drifts for Frame ‘F8S3B’
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Figure A.7.4 Dependency on Strength Reduction Factor (Frame ‘F2S2B2’ — Maximum Top Displacement)
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Figure A.7.13 Dependency on Ductility (Frame ‘F8S3B’ — Maximum Top Displacement)
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Figure A.7.58 Dependency on Strength Reduction Factor (Frame ‘F2S2B’ — Maximum Inter-Story Drift Ratio)
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Figure A.7.70 Dependency on Strength Reduction Factor (Frame ‘F8S3B’ — Maximum Inter-Story Drift Ratio)



(1reays aseg winwixe\ — ,g2Sz4, aweld) Alnong uo Asuspuadaq 1.7V 24nbi4

(M) Avinong
0’9 0's oY o€ 02 01 00
L L L L L Oo.o
L 050
<
2
- 00T "
<
El
r0S'T
AN%S. - 9zS2d
00'¢
(") Amnong (M) Avnong
09 0'S oy 0¢e 0¢ 0T 00 09 0'S oy (OR3 0¢ 0T 00
L L L L L OOO L L L L L OOO
050 090
<
)
S
) 00T T e
<
E
F0S'T F0ST
VINTA - 92524 DLV - 92sz4

00'¢ 00'¢

286

ninw A ‘xoidde A



(reays aseg winwiIxXe\ — 92524, aweld) 1019e4 uononpay yibuans uo Asuspuadaq z/.°/L'V a4nbi4

S|
09 0's 0 o€ 0z 0T 00
L L L L L O0.0
- 050
<
8
00T T
<
E
L 0S'T
AN%S. - 92524
002
d S|
09 0's oY 0€ 0z 0T 00 09 0'S 0v 0€ 0z 0T 00
L L L L L OOO L L L L L OOO
- 050 - 050
<
3
S
) 00T "
<
E
- 0S'T - 0S'T
VN3 - 92524 J1V - 92Sz4
002 002

287

ninw A ‘xoidde A



(4eays aseg wnwixe — ,2g92Sz4, aweld) Ainong uo Asuspuadaq /' a4nbi4

() Ainong
09 0's (0874 0¢ 0¢ 0T 00
L L L L L OOO

- 0gT
AN%S. - z92Sz4
002
(") Amnong (M) Avnong
09 0'S (%% o€ 02 01 00 09 0'G ov o€ 0z 01 00
L L L L L OOO L L L L L OOO
- 050 - 050
<
)
T 00T
<
E
- 0gT L 0ST
VN34 - z92Sz4 DLV - z9zsed

00'¢ 00'¢

288

ninw A ‘xoidde A



(reays aseg winwixe\ — .29zSz4, aweld) 101984 uononpay Yyibuans uo Asuspuadsq ¥/ 2'V ainbi4

S|
09 0's 0 o€ 0z 0T 00
L L L L L Oo.o
- 050
<
8
““““““““““““““““ S -
<
E
r0S'T
AN%S/. - 292524
00¢
d S|
09 0's ov 0e 0¢ 0T 00 09 0's oV oe 0¢ 0T 00
L L L L L OOO L L L L L OOO
r 0S50 r 0S50
<
3
““““““““““““““ G—— _/ 00'T
<
E
F0S'T F0ST
VN34 - 292S2d J1V - 292Sz4

00'¢ 00'¢

289

ninw A ‘xoidde A



09

0's

ov

(1reays aseg winwixe\ — ,g2SE4, aweld) Alpnong uo Asuspuadaq G/° /W a4nbi4

(") Amnong
0¢e

0¢

(M) Awinong
09 0's ov (O 0¢ 0T 00
L L L L L O0.0
0S80
<
8
00T *_
<
2
r0S'T
AN%S/. - 92S¢ed
002
(M) Aumong
0T 00 09 0's oV oe 0¢ 0T 00
L OOO L L L L L
r 0S50 r
<
3
00T "_
<
E
oSt .
VNI - 92Sed J1V - 9zs¢ed
00¢

000

0S50

00'T

0S'T

00'¢

ninw A ‘xoidde A

290



(reays aseg winwiIxXe\ — ,92SE4, aweld) 1019e4 uononpay yibuans uo Asuspuadaq 9/ '/ 'V a4nbi4

S|
09 0's 0 o€ 02 0T 00
L L L L L D0.0
L os0
<
2
00T *_
<
2
- 0S'T
AN%S/. - 92S¢ed
002
d S|
09 0's oY 0€ 0z 0T 00 09 0'S 0v 0€ 0z 0T 00
L L L L L OOO L L L L L OOO
- 050 - 050
<
3
@r 00T “__ } 00'T
<
E
- 0S'T L os'T
VNI - 92Sed J1V - 9zs¢ed
002 002

291

ninw A ‘xoidde A



(1reays aseg winwixe\ — 92554, aweld) Alnong uo Asuapuadaq /. /LW a4nbi4

(M) Aynong
09 0'S oy o€ 0¢ 0T 00
L L L L L OOO
r 050
<
2
F 00T "
<
E
L oSt
@]
o G
AN%G. - 92SS4
00'¢
(") Amnong (M) Avnong
0¢e 0¢ 0T 00 09 0'S oy (OR3 0¢ 0T 00
L L L OOO L L L L L OOO
050 090
<
2
./ vl &
<
E
@] r 0S'T F0ST
o ¢ 0 0
@)
VN3 - 92554 DLV - 92S64
00'¢ 00¢

ninw A ‘xoidde A

292



09

0's

(reays aseg winwixe\ — 92554, aweld) 1019e4 uononpay yibuans uo Asuspuadaq 8,/ W a4nbi4

09 0's

ov

o€

0¢

0T 0

0

o g
AN%S/. - 92554

000

r 050

r0S'T

ov o€ 0¢ 0T

00

VN34 - 9¢SSd

000

r0S0

~+ 00T

r0S'T

00'¢

A

nnw Al ‘xoidde

09 0's

00¢

oy

ninw /\/'xomde A

0¢

0T

00

01V - d¢ssd

000

r 0S0

F0ST

00'¢

ninw A ‘xoidde A

293



(1reays aseg winwixe\ — . g#SG4, awel4) Alnong uo Asuspuadaq 6.7V a4nbi4

(M) Aynong
09 0'S oy o€ 0¢ 0T 00
L L L L L OOO
r 050
<
2
- 00T "
<
E
o [0ST
AN%S /. - a7SSd
00'¢
(") Amnong (M) Avnong
09 0'S oy 0¢e 0¢ 0T 00 09 0'S oy (OR3 0¢ 0T 00
L L L L L OOO L L L L L OOO
050 090
<
)
3
o Q Q
~ &
<
E
L 0ST
VN4 - 9vSSd OLV - 9SS
00'¢ 00¢

294

ninw A ‘xoidde A



(reays aseg winwixe\ — . 9S54, aweld) 1019e4 uononpay yibuans uo Asuspuadaq 08V a4nbi4

S|
09 0's 0 o€ 0z 0T 00
L L L L L Oo.o
- 050
<
8
- 00T
<
E
orl 0S'T
AN%S. - 9¥SSd
00¢
d S|
09 0's ov 0e 0¢ 0T 00 09 0's oV oe 0¢ 0T 00
L L L L L OOO L L L L L OOO
r 0S50 r 0S50
<
3
<
E
- 0S'T
VNI - 9¥SSd J1V - a¥Ss4

00'¢ 00'¢

295

ninw A ‘xoidde A



(1reays aseg winwixe\ — .g/S54, aweld) Alnong uo Asuspuadaq 18V a4nbi4

(M) Aynong
09 0'S oy o€ 0¢ 0T 00
L L L L L OOO
r 050
<
2
—+ 00T "
<
E
L oSt
@
AN%S /. - 92554
00'¢
(") Amnong (M) Avnong
09 0'S oy 0¢e 0¢ 0T 00 09 0'S oy (OR3 0¢ 0T 00
L L L L L OOO L L L L L OOO
050 090
<
)
S
P 00T "
<
E o}
- 0S'T © F0ST
VINTA - 92554 DLV - 92554

00'¢ 00'¢

296

ninw A ‘xoidde A



(reays aseg winwixe\ — .9/S54, aweld) 1019e4 uononpay yibuans uo Asuspuadaq 28/ Vv a4nbi4

S|
09 0's 0 o€ 02 0T 00
L L L L L D0.0
I 050
<
8
—+ 00T
<
2
- 0S'T
a
AN%S. - 92554
002
d S|
09 0's oY 0€ 0z 0T 00 09 0'S 0v 0€ 0z 0T 00
L L L L L OOO L L L L L OOO
- 050 - 050
<
3
S
P 00T "
<
E
L 0G'T © - 0S'T
VN3 - 92554 O1V - 9/S64
002 002

297

ninw A ‘xoidde A



(1reays aseg winwixe\ — ,g£S84, awel4) Alnong uo Asuspuadaq £8°/ 'V a4nbi4

() Anong
09 0's ov 0e 0¢ 0T 00
L L L L L OOO
r 050
<
)
k00T "
<
E
r0S'T
(@)
AN%S. - 9€S84
00¢
(") Amnong (M) Avnong
0e 0¢ 0T 00 09 0's oV oe 0¢ 0T 00
L L L OOO L L L L L OOO
r 0S50 r 0S50
<
3
T 00T
5 <
d 3
a1 =
OF 051 FOST
O
VINTH - 9£S84 J1V - 9€S84
00¢ 002

ninw A ‘xoidde A

298



(reays aseg winwixe\ — 9S8, aweld) 1019e4 uononpay Yibuans uo Asuspuadaq 8LV a4nbi4

09 0's

ov

0T 00

AN%S. - 9€S84

000

r0ST

ov o€ 0¢ 0T

00

VN34 - 94€S84

000

F0ST

00'¢

nnw Al ‘xoidde

09 0's

00'¢

oy

nnw Al ‘xoidde

0T

00

OlV - dgss8d

000

r 0S0

00'T

F0ST

00'¢

nnw A ‘xoidde A

299



APPENDIX B

INTERPRETATION OF RESULTS WITH RESPECT TO

‘MULTI” METHOD

B.1 INTRODUCTION

The interpretational steps presented in Chapter 4 were also repeated for the
comparison of ATC, FEMA and 75%V, approximations with respect to MULTI results.
As previously indicated, this was done in order to investigate the performance of common
approximation methods at capturing the global behavior (nonlinear static response) that
was thought to be better presented by ‘MULTI’ approximation method which used the
multi-linear segmented idealization to fully describe the capacity curve. The overall

results are discussed in the next sections.
B.2 INTERPRETATIONS WITH RESPECT TO “MULTI’ RESULTS

B.2.1 Correlation Studies

Similar to the comparisons with ‘exact’ seismic responses, the demands obtained
from the approximate procedures, ATC, FEMA and 75%V, were compared with the ones
obtained from MULTI method. ‘Coefficient of correlation” for each comparison was also
computed using Eqn. 4.1.

As depicted in Figure B.1 and Figures A.5.2-A.5.7, the maximum displacement
demand comparisons indicated that all of the three methods gave identical results up to
yielding of structural systems. After yield points, ATC method showed much dispersion
with both under- and over-estimations. FEMA and 75%V, methods, however, generally
gave conservative results with respect to MULTI method. The correlation coefficient

studies, as summarized in Table B.1, denoted that these two methods were strongly
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correlated with MULTI method, whereas ATC method gave relatively lower coefficient

values indicating lower correlation.
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Figure B.1 Comparison of Approximate Results with respect to “MULTI’ Values of

Maximum Top Displacement for Frame ‘F2S2B’

Table B.1 Coefficient of Correlation Values of Approximation Alternatives

at Predicting Maximum Top Displacement Demands

FRAME| ATC FEMA | 75%V,
F252B 0.977 0.985 0.975

F2S2B2 0.992 0.994 0.994
F3S2B 0.991 0.992 0.991
F5S2B 0.969 0.975 0.976
F554B 0.971 0.993 0.993
F5S7B 0.905 0.980 0.984
F8S3B 0.965 0.989 0.990

Overall
Mean

0.967 0.987 0.986
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Figure B.2 Comparison of Approximate Results with respect to ‘MULTI” Values of
Maximum Inter-Story Drift Ratio for Frame ‘F252B’

Table B.2 Coefficient of Correlation Values of Approximation Alternatives

at Predicting Maximum Inter-Story Drift Ratio Demands

FRAME | ATC FEMA | 75%YV,
F252B 0.979 0.986 0.976
F252B2 0.992 0.995 0.994
F3S2B 0.991 0.992 0.991
F5S52B 0.968 0.972 0.974
F554B 0.972 0.993 0.993
F557B 0.903 0.980 0.984
F8S3B 0.962 0.989 0.990

Overall
Mean

0.967 0.987 0.986

Considering the maximum inter-story drift ratio demand comparisons, as
illustrated through Figure B.2 and Figures A.5.9-A.5.14, all of the methods matched very
well with MULTI method except for few cases. In those cases, ATC method yielded
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scattered results also supported with the correlation studies whose outcomes are given in
Table B.2. On the other hand, starting from moderate drift levels, FEMA and 75%V,
methods generally over-estimated the drift demands but exhibited strong correlation with

the global behavior.
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Figure B.3 Comparison of Approximate Results with respect to ‘“MULTI’ Values of

Maximum Base Shear for Frame ‘F2S2B’

Similarly, the comparisons regarding base shear demands are given in Figure B.3
and Figures A.5.16-A.5.21. According to these figures, all methods correlated well with
MULTI method until yield strength regions. In the range of yield base shear values, the
methods differentiated from global behavior. ATC method yielded varying results. Unlike
ATC, FEMA and 75%V, bi-linearization methods over-estimated base shear demands.
However, a capacity curve dependent on elastic first mode lateral load pattern is just the
lower bound for a structure. Thus, by yielding conservative results with respect to MULTI

method, FEMA and 75%V, methods was thought to approach the global behavior in a
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better sense. At high levels of shear force, methods again matched well with MULTI
method. According to the statistical study results as given in Table B.3, the results of
FEMA and 75%V, methods were observed to correlate well with the ones of MULTI
method. The coefficient of correlation for ATC method again remained lower as similar in

other seismic response predictions.

Table B.3 Coefficient of Correlation Values of Approximation Alternatives

at Predicting Maximum Base Shear Demands

FRAME| ATC FEMA | 75%V,
F252B 0.985 0.990 0.975
F2S2B2 0.996 0.997 0.995
F3S2B 0.994 0.995 0.993
F552B 0.974 0.981 0.973
F554B 0.986 0.995 0.994
F5S7B 0.968 0.989 0.980
F8S3B 0.987 0.993 0.992

Overall
Mean

0.984 0.991 0.986

B.2.2 Comparison of Methods at Various Levels of Global Drift

Statistical steps followed for the comparison of results with respect to ‘exact’
results were repeated for the comparison of the bi-linearization methods’ results with
respect to ‘MULTI’ results. Additionally, the lumped results were presented in a similar
manner.

The gathered comparisons for maximum top displacement predictions, as given in
Figure B.4 and Figures A.6.23-A.6.28, indicated that ATC method gave very close
estimates in the error range of 10% with respect to ‘MULTI’ method. The other two
methods generally over-estimated the results with mean errors as much as 25%. However,
FEMA generally remained closer to the exact prediction line. Considering the general
trend in mean errors and standard deviations at specified global drifts, ATC method
matched up with ‘MULT]I’ results in a better sense.

Similarly, the comparison graphs for maximum inter-story drift ratio results, as
given in Figure B.5 and Figures A.6.30-A.6.35, revealed that the interpretations for critical

drift demand estimations were same as the cases of maximum top displacement

304



predictions. This situation can be explained by the fact that since critical drift demands
were computed from the capacity curves at the target displacements, the errors in drift
predictions would not be so different than the ones of displacement demands.
Additionally, the almost unchanged elastic drift distribution of each frame at various
global drift levels would have preserved the errors to remain in the same order.

The comparisons of base shear demands of approximations with respect to
‘MULTI’ predictions, as illustrated in Figure B.6 and Figures A.6.37-A.6.42, showed that
ATC method predicted the force demand very closely surpassing the alternative methods
at elastic regions. FEMA and 75%V,, on the other hand, gave conservative results such as
15% over-estimations. Actually, FEMA was observed to estimate the force demand with
respect to global behavior in a better sense. This general observation at elastic regions
later turned to the case of similar and close predictions of approximation methods as

expected from the bi-linear approximations of global behavior.
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Figure B.4 Comparison of Approximations with respect to ‘MULTI” Values of Maximum
Top Displacement at Specified Global Roof Drifts for Frame ‘F2S2B’
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Figure B.5 Comparison of Approximations with respect to ‘MULTI” Values of Maximum
Inter-Story Drift Ratio at Specified Global Roof Drifts for Frame ‘F2S2B’
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Figure B.6 Comparison of Approximations with respect to ‘MULTI” Values of Maximum
Base Shear at Specified Global Roof Drifts for Frame ‘F2S2B’
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B.2.3 Period-wise Comparison of Methods

Period-wise comparison of approximation methods with respect to ‘exact’ results
was also repeated to compare the results of bi-linear approximations with respect to
‘MULTI’ results for each frame. Figure B.7 showed that maximum top displacement
demand predictions of ATC method, in average for each frame, were very close to
‘MULTYI” predictions indicating perfect match in comparison to other bi-linearization
alternatives. In contrast, for all frames, FEMA and 75%V, methods over-estimated with
mean errors reaching almost 20%. Additionally, FEMA method yielded slightly lower
over-estimations than 75%V, as expected. Regarding the deviations in errors, all of the
three methods gave similar values, but considering the minimum-maximum error couples,
ATC method generally gave the lowest. Similar to the top displacement comparisons, as
depicted in Figure B.8, it was observed in period-wise comparison of maximum drift ratio
predictions that the error distribution remained almost same due to the previously
expressed fact that the critical drift ratio was simply the drift ratio at the target

displacement of the capacity curve, thus preserving the error of displacement predictions.

Pl ud ol ol ol G I
o |0 WD W W W

0.30 0.45 0.59 0.66 0.75 0.95 1.20
Period

Figure B.7 Period-wise Distribution of Comparisons for

Maximum Displacement Demands with respect to ‘“MULTI’ Results
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Figure B.9 Period-wise Distribution of Comparisons for
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The comparisons concerning the mean errors for force demands with respect to
each frame revealed that ATC method again matched very well with the results of
‘MULTI” (Figure B.9). In addition, the deviation of the results of ATC method remained
the lowest at all times. FEMA and 75%V,, in contrast, gave conservative results with
respect to elastic first mode lateral load pattern dependent global behavior as much as
10%. Furthermore, the standard deviations for these methods were turned out to be
slightly larger than ATC.

The period-wise dependency graphs, as illustrated in Figures B.10-B.12, depicted
that there was no obvious trend in the mean errors with increasing period. However, they
reinforced the previous findings that ATC matched up with ‘MULTI’ results very well
and this situation did not change with period change. In addition, FEMA and 75%V,
generally over-estimated the displacement and drift demands and this over-estimation
tended to increase slightly with increasing period. In contrast, for force demands, the over-

estimations were smaller and un-changed for all frame cases.

B.2.4 Trends and Dependencies on Ductility and Strength Reduction Factor

The steps in section 4.2.4 to investigate the dependencies with respect to ‘exact’
results were repeated for the investigation of the dependencies with respect to ‘MULTI’
values. Figures B-13-B.18 and Figures A.7.43-A.7.84 supported the earlier interpretations
that ATC gave very close estimates with respect to global behavior in terms of
displacement, drift and force demands. According to the dependency graphs for maximum
top displacement and maximum inter-story drift ratio demand predictions, FEMA and
75%V, started with over-estimations and these over-estimations generally showed a
tendency to decrease with increasing ductility level and strength reduction factor.

In the case of maximum base shear force estimations; although the general trend
of FEMA and 75%V, methods seemed to decrease with increasing levels of inelasticity,
this tendency was due to the low performance of the two methods at capturing global force
demands in the elastic range. As previously discussed, after the yield of the systems, the
approximation alternatives; ATC, FEMA and 75%V, captured the global behavior very
well in terms of maximum base shear demands. Thus, discarding the low performance of
the methods in the elastic region, the tendency of error indicating ratios was not to change

with the change of ductility level and strength reduction factor.
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B.3 SUMMARY OF COMPARISONS

The comparison of the demand parameters computed from the approximations
ATC, FEMA and 75%V, with the results of MULTI method were presented in previous
sections. The comparisons made at different drift, ductility and strength reduction values
showed that ATC method captured the global behavior that was represented by MULTI
method in a better sense with mean errors in the order of 10%. The predictions of ATC
method were even better at elastic range due to the fact that both MULTI and ATC
methods use same initial stiffness. Considering the summarized results given in Tables
B.4-B-6, FEMA and 75%V, methods over-estimated the displacement and maximum drift
demands within 20 percent with the latter one being more conservative and the over-
estimations were observed to decrease with increasing degrees of inelasticity. The

uncertainty in the predictions was turned out to be in the same order.

Table B.4 Error Statistics for Maximum Top Displacement Estimations

ATC FEMA 5%V,

Mean o Mean (o] Mean c

F2S2B | 0.979 | 0.132 | 1.069 | 0.133 | 1.196 | 0.204
F252B2 | 0.996 | 0.063 | 1.045 | 0.055 | 1.061 | 0.067
F3S2B | 1.004 | 0.086 | 1.045 | 0.084 | 1.074 | 0.098
F5S2B | 1.005 | 0.170 | 1.137 | 0.182 | 1.155 | 0.210
F5S4B | 0.975( 0.130 | 1.087 | 0.104 | 1.097 | 0.114
F557B | 1.013 | 0.213 | 1.144 | 0.154 | 1.182 | 0.167
F8S3B | 0.976 | 0.142 | 1.111 | 0.125 | 1.121 ] 0.130

FRAME

Table B.5 Error Statistics for Maximum Inter-Story Drift Ratio Estimations

ATC FEMA 75%V,

Mean c Mean c Mean c

F2S2B | 0.982 | 0.127 | 1.069 | 0.129 | 1.187 | 0.197
F252B2 | 0.996 | 0.059 | 1.044 | 0.053 | 1.059 | 0.064
F3S2B | 1.005 | 0.080 | 1.043 | 0.079 | 1.071 | 0.094
F552B | 1.005 | 0.183 | 1.147 | 0.190 | 1.167 | 0.218
F554B | 0.975( 0.138 | 1.091 | 0.108 | 1.102 | 0.118
F557B | 1.014 | 0.228 | 1.154 | 0.161 | 1.195 | 0.176
F8S3B | 0975 0.151 | 1.116 | 0.128 | 1.127 | 0.132

FRAME
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Table B.6 Error Statistics for Maximum Base Shear Estimations

ATC FEMA 75%V,

Mean c Mean c Mean (]

F252B | 1.001 | 0.072 | 1.051 | 0.087 | 1.098 | 0.138
F252B2 | 1.003 | 0.039 | 1.036 | 0.043 | 1.047 | 0.056
F3S2B | 1.008 | 0.044 | 1.028 | 0.048 | 1.042 | 0.070
F552B | 1.004 | 0.101 | 1.073 | 0.151 | 1.084 | 0.179
F554B | 0.985 | 0.074 | 1.055 | 0.091 | 1.061 | 0.101
F557B | 1.009 | 0.113 | 1.080 | 0.121 | 1.100 | 0.146
F8S3B | 0.996 | 0.090 | 1.071 | 0.111 | 1.076 | 0.120

FRAME

For the base shear predictions, it was observed that ATC method yielded very
close results with respect to MULTI approach in the elastic range. Unlike ATC, FEMA
and 75%V, over-estimated the force demand in this range in an error margin of 15%. As it
was expected, after the yield of the systems, all methods yielded similar close results in
terms of maximum base shear.

The overall evaluations with respect to MULTI approach showed that the order of
mean prediction errors remained lowest for ATC, but all methods generally provided
reasonable results in terms of displacement, drift and force demands. Therefore, bi-linear
models of pushover curves can likely be used for simplified analyses without the need for

introducing complex models of capacity curves.
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